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PREFACE 


The present stud)' was carried out with the hope of throwing 
some light on the problem of the etiology of infectious mononucle- 
osis. A number of experiments were carried out in an attempt to 
discover whether the opinion of Nyfeldt and others as to the 
bacterial genesis of (he disease could be confirmed. Attempts were 
also made to transfer infectious mononucleosis to rabbits, mon- 
keys and man. Finally a study was made of the histopathology of 
the lymph nodes during the acute stage of the disease whereby 
stained sections as well as photomicrographs of unstained tissue 
at the absorption maximum of nucleic acid in ultraviolet light were 
examined. 

My investigations were carried out at the First Medical Clinic 
of the Royal Seraphimer Hospital, the Medical Clinic of Karolin- 
ska Sjukhuset (Karolinska Hospital) and the State Bacteriological 
Laboratory, Stockholm. To the heads of these institutions, Pro- 
fessors N. Svartz and C. Kling, I owe a debt of deep 
gratitude for facilitating my work, for valuable advice and support, 
as well as for their great interest during the course of my experi- 
ments. 

My very warm thanks are also due Professors F. Hensciien 
and O. Reuterwall, Dr L. Santesson and Dr A. Lindgren for 
valuable advice and help given me in the examination of certain 
microscopical sections. 

I particulary want to thank my friends Dr E. Wassen for 
valuable advice in the fields of bacteriology and Dr T. Caspersson, 
Lecturer in Medical Physics at the Karolinska Institute, for his kind 
and friendly help in the preparation and interpretation of the 
photomicrographs in ultraviolet light. I want to express my very 
warm thanks to Dr Aage Nyfeldt for sending me his Listerella 
strains. 

It is also my pleasant duty to express thanks to Professors G. 
Holmgren, H. Berglund, T. Skoog, Chief Pin 'sicians E. B. 
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Salen, R. Bergman, N. Raiim and other colleagues for the in- 
fectious mononucleosis cases they have kindly placed at my 
disposal. 

Finally my thanks' are due to the Swedish Society for Medical 
Research which by financial support made the present investiga- 
tions possible. 

Stockholm april 1942. 


Per J. Wising. 



I. INTRODUCTION 


A. THE CLINICAL HISTORY OF INFECTIOUS 
MONONUCLEOSIS. 

It is at present possible to define glandular fever, infectious 
mononucleosis, or Pfeiffer’s disease, as an acute, contagious, not in- 
frequently epidemic, infectious disease sui generis, in all probability 
caused by a specific, hitherto unknown, pathogenic agent. The dis- 
ease is characterized by fever, a general reaction of the lymphatic 
system with enlargement of the lymph nodes, often particular- 
ly striking in the cervical region, a characteristic "lymphatic” blood 
picture, the development of specific heterophilic antibodies in the 
serum, generally an intense angina, not infrequently enlargement of 
the spleen, occasionally conjunctivitis, a roscolar rash, hematuria, 
enlargement of the liver, icterus and in exceptional cases symptoms 
of meningitis or meningo-enccphalitis. This condition which was 
originally described as a children’s disease spares no age but is by 
far the most common under 30 years of age. On the whole the prog- 
nosis can be described as very good in that only a few fatal cases 
have so far been reported despite the relative f requeue)' of the dis- 
ease. 

The former of the two names under which the disease is now- 
adays known is derived from Pfeiffer who was the first to de- 
scribe it as glandular fever (Drusenfieber). The later designation) 
infectious mononucleosis, was introduced by Sprunt & Evans who 
did not recognize that a number of cases reported by them were 
identical with Pfeiffer’s disease. Though perhaps preference ought 
to be given to Pfeiffer’s original title, glandular fever, both names 
are at present in common use, infectious mononucleosis showing 
exclusive predominance in •American literature. Since infectious 
mononucleosis is the only term used in this country, it will be solely 
used in the following. 

The recognition of infectious mononucleosis as a clinical entity 
has a history of its own of considerable interest, related in detail in 
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exemplary manner in the works of Leiindorff & Schwarz 
Glanzmann and Tidy. The following short survey is to some ex- 
tent based on the publications of the authors mentioned. 

Although, in 1885 in a textbook on Diseases of Children under the 
heading "Idiopatische Lymphdriisenschwellung” Filatow describes 
a number of cases which probably suffered from infectious mononu- 
cleosis, we must nevertheless ascribe to the keen clinical perception 
of Emil Pfeiffer the honour of distinguishing as a characteristic 
entity the cases of infectious mononucleosis from the mass of infec- 
tious conditions with swelling of the lymph nodes of the neck. 
Pfeiffer presented this now classical material at the Congress- of 
Natural Sciences in Cologne in 1889. He described the lymph node 
enlargement and the enlargement of the liver and spleen as well as 
the sometimes epidemic occurrence, but he was not acquainted with 
the peculiar blood picture. He received at once the endorsement of 
his colleagues who reported observations on similar cases and dur- 
ing the last decade of the nineteenth century there prevailed a live- 
ly interest in the clinical aspect of the condition. At the conclusion 
of Pfeiffer’s lecture Heubner pointed out the occurrence of hema- 
turia as a complication. In 1890 Rauchfuss and von Starck veri- 
fied these observations and in 1891 Protassow laid stress upon the 
occurrence of conjunctivitis and an eruption. In 1894 Desplats 
gave an account of cases with general lymph node enlargement and 
that same year Hoerschelmann emphasized the frequency of an 
angina in infectious mononucleosis. Korsakoff reported the occur- 
rence of this disease in siblings one of which showed only lymph 
node enlargement while the others had an angina as well. The first 
large epidemic was described by Park West in 1896 in the United 
States of America. Thornton, Durno, Byers, Williams, Be- 
lotti, Fedele and others contributed around the turn of the cen- 
tury with further statistical reports. 

From 1900 to 1920 the Pfeiffer disease picture seems to have 
fallen into relative oblivion. Only some few records of obseived 
cases are to be found in the literature from this period and a number 
of workers such as Comby, Hochsinger, Trautmann, Schleiss 
ner even questioned altogether the existence of the disease. Per- 
haps correct is Glanzmann’s assumption, that infective mononu- 
cleosis had disappeared on the continent during this period (Lehf- 
dorff & Schwarz). 
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Cursciimann in 1906 was the first to report a differential blood 
count on a case of infectious mononucleosis which he however 
interpreted as atypical epidemic parotitis, a still not unusual dia- 
gnostic mistake. The peculiar "lymphoid” blood picture would seem 
to have first come to the attention of Turk in I 9 ° 7 - He then de- 
scribed two typical cases under the heading ’’SeptischeLrkrankung 
mit Verkiimmerung des Granulocytcnsyslems”. Turk expressed 
particularly his surprise at the rapid recovery and believed that the 
disease picture observed might be due to some kind of subleukemic 
lymphomatosis. In 1913 March and described a similar case and 
suggested that it might be a question of an until then unknown spe- 
cific disease. The same year Cabot discussed “the lymphocytosis of 
infection” and in 191S Dressing referred to "Diphlcriahnlichc A11- 
ginen mit lymphatischer Reaktion”. 

In 1920 Sprunt & Evans described a number of typical cases, 
using for the first time the term "Infectious Mononucleosis”. The 
next year Letiieby Tidy & Morley recorded the first case dia- 
gnosed as glandular fever in which the presence of lymphocytosis 
was recognized and after reading Sprunt & Evans article they 
were satisfied that the two groups were of the same origin. They 
considered that the disease had to be accepted as an acute infection, 
as a general and not merely a local infection and as a clinical entity 
sui generis. This conception was soon widely accepted and in 1928 
Ciievallier and Emil Schwarz emphasized that the Mono- 
cylenangina of Schultz, the Lymphoblast enangina of Preuss, 
the Lymphatic Reaction of Brogsitter, the Acute Lympha- 
denosis with Lymphocytosis of Downey & McKinley as well 
as a number of cases described as benign convalescing leukemias 
(Jackson & Smith, Ireland and collaborators, Eason among 
others) all provided only clinical variations of the same "Maladic 
de Pfeiffer et de Turk”, as Chcvallicr termed it. 

The decisive support for the correctness of this conception has 
been provided by the serological investigations of recent years. Dur- 
ing the period 1924 to 1930 I-Iacanutziu, Deicher, Taxiguchi, 
Davidsoiin among others demonstrated the occurrence of Forssman 
antibodies in increased quantity in the serum from persons who had 
received injections of horse serum or were suffering from scrum 
diease. Paul & Bunnell in 1932 investigated in this connection 
a large hospital material in regard to the occurrence of immune sub- 
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stances with an agglutinating' and haemolytic action on sheep red 
blood cells and found that infectious mononucleosis was apparently 
the only additional condition in which such could be demonstrated 
in any great quantity. Independently of one another von Moers- 
Mesmer, Stuart and collaborators, Davidsotin, Bailey & Raf- 
ter have further shown that these heterophilic antibodies in the 
serum from infectious mononucleosis patients are not identical with 
the Forssman antibodies and that they in all probability are specific 
for the disease. The extraordinary value of the Paul & Bunnell he- 
tero-agglutination reaction for the diagnosis of infectious mononu- 
cleosis has been established in a large number of papers during the 
last } : ears. In Scandinavia investigations in this field have been re- 
ported by Olesen, Bang and Kiustensen, Rudebeck, Wising, 
Helland-Hansen and Tiiomsen among others. 

B. PREVIOUS OPINIONS AND INVESTIGATIONS 
ON THE ETIOLOGY. 

Although in previous decades the symptom complex of infectious 
mononucleosis was interpreted by many workers ‘as evidence of the 
individual’s specific mode of reaction to various, infections of the 
upper respiratory tract (Labbe, Gallois, Delcourt, Finkel- 
stein, Fischl), to sepsis (Cabot, Marciiand) or to an intestinal 
intoxication (v. Starck, Trautmann, I-Iochsinger), others under- 
stood that it must be a question of an infectious disease sui generis 
and searched' for its etiological origin. Numerous attempts have 
thus been made to demonstrate the existence of a pathogenic 
agent in the blood, lymph nodes, tonsils, urine and salivary 
secretion from patients with infectious mononucleosis. Surveys 
of these investigations which predominantly deal with conditions 
in isolated or a few cases of the disease are included in the mono- 
graphs of Leiindorff & Schwarz and of Nyfeldt both of 1932. 
Though common to all reports of positive results of cultivation on 
artificial substrates as to the cause of the disease has been the con- 
stant failure of other workers to be able to repeat the experiments, 
a brief summary of previous views and investigations on the sub 
ject would seem to be of some interest. 

A large number of investigations of the bacterial flora in tonsillar 
swabs and in pharyngeal or nasal secretions have been reported. The 
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findings have been the common polymorphous picture of oral-pharyn- 
geal flora with cocci, hemolytic and non-hemolylic, in clumps, di- 
ploid or chain arrangement, bacilli, fusiform bacilli and spiro- 
chaetes, without the demonstration of the predominance of 
any particular type of microorganism (Leiindorff). One of the 
most usual assumptions has been that infectious mononucleosis 
might be a streptococcus disease (Korsakoff, Lublinski, Comby 
and Coleman among others). Sciieer and Korsakoff each report- 
ed that they found streptococci in the urine in one such case. 
Schmidtiieiny obtained hemolytic streptococci on cultivation of the 
duodenal juice from one case. 

Diphtheroid bacilli were discovered in the flora of the throat and in 
juice pressed from the lymph nodes in some cases reported by 
Baldridge, Roiiner & Hansmann and Coon & Tiiewliss. 
With the exception of the case published by the latter authors these 
organisms were always non-pathogcnic when tested on animals. Ge- 
nuine diphtheria bacilli have been observed on isolated occasions in 
cases with severe pseudomembranous lesions in the throat with- 
out it being possible however to ascribe to them any pathogenetic 
significance (Hrabowsky, Glaxzmanx, Leiindorff). 

Friedemann & Elkei.es assumed that the mononucleosis could 
be a general reaction from the lymphatic system to a generalized 
fusospirillosis. Even Bloedokn & FIougtiion and Zikowsky 
believed in the significance of this symbiotic flora for the disease. 
Baldridge and collaborators who also found the Vincent organisms 
in a number of cases point out however the prevalence of these in 
the oral and pharyngeal flora in all kinds of other conditions and 
deny them naturally any etiological connection with infectious mo- 
nonucleosis. Gorham, Smith & Hunt reported the presence of 
spirochaetes on dark field examination of the blood in a number of 
patients with infectious mononucleosis. Baldridge and his co- 
workers searched in vain for spirochaetes in the blood and in juice 
from the lymph nodes. 

Numerous workers have made blood cultures. *1 he results have 
always been negative or insignificant. In a number of cases the in- 
jection of blood and lymph node suspension into guinea-pigs and 
rabbits has given constantly negative results (Baldridge among 
others). Tubercle bacilli have never been demonstrated. 

In view of the apparent impossibility of transferring the disease 
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to the ordinary small laboratory animals and with the leukemias in 
mind, Ciievallier injected blood and lymph node suspension into 
chickens but the results were unfortunately negative. Like Cue- 
valuer a number of researchers such as Downey & Stasney 
Glanzmann, de Bruin, Thomsen & Vimtrup have recently on 
purely clinical grounds expressed the opinion that the disease can 
probably be assumed to be caused by a virus with a specific Iympho- 
tropic affinity. The present author reported preliminarily in 1938 
a number of results which could possibly be regarded as supporting 
such a conception. Macacus monkeys inoculated with a lymph node 
suspension, sterile on aerobic and anaerobic cultivation, fell ill in 
two cases with symptoms similar to those in human infectious 
mononucleosis. Van den Bergiie & Liessens in 1939 reported 
that they had been able to pass a fillrable virus from a patient to 
a monkey. The description of the case of these latter workers re- 
veals however that the patient can scarcely have been suffering from 
infectious mononucleosis for the blood picture was not typical. 

Of the investigations published in recent years those of two par- 
ticular workers have attracted special attention. In 1929 Aage Ny- 
feldt reported that he had found the cause of the disease in a 
particular diphtheriod organism which he called Bacterium, after- 
wards Listcrclla monocytogenes hominis. Since his first brief report 
in 1929 Nyfeldt has published a further number of cases of in- 
fectious mononucleosis from which he reports Listcrclla hominis. 
to have been cultivated. In 1937 he described the finding of this 
bacterium in blood cultures from 3 of 10 cases examined. A visible 
growth appeared after 12 to 14 days incubation at 37 0 C on peptone 
broth (Chapoteau-peplone). In 1937 in one case a growth of Listc- 
rclla was obtained on liver and ’’Vila” bouillon after 3 to 4 days- 
Already after 24 hours however the substrate also contained profuse 
numbers of large Gram-positive motile rods. In 1938 growth of 
Listcrclla was obtained after 6 to 11 days from 4 out of 5 spinal 
fluids from cases of infectious mononucleosis with mild meningeal 
symptoms. Moreover in two of the latter cases broth cultures which 
had been inoculated with blood which had been kept up to three 
days in the laboratory at 25 0 C were positive on the 4th to the 6th 
da y. In support of his assumption as to the pathogenic signifi- 
cance of the bacteria found, Nyfeldt mentions that they in one 
case were agglutinated by the patient’s serum in the dilution 1 .250 
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and in another case in the dilution t ■&<*>, » f 
vincing argument in view of the fact demonstrated h Bergstham> 
that saprophytic diphtheroids may give specif.c agglutination u, 
homologous serum. Nothing is stated in regart to con i o s i 
regard to the result of eventual examination as to the occurrence of 
agglutinins for the strains found in the remaining six cases. 

Nyfeldt inoculated into rabbits the strains he had cultivated in- 
travenously and for tins animal they proved pathogenic. The ani- 
mals developed a leucocylosis and in a number of cases a simulta- 
neous relative neutropenia. Monocytoid cells with bizarre nuclei 
appeared. The lymph nodes and spleen seem to have shown the 
changes typical of an acute infection. On the basis of these animal 
experiments Nyfeldt draws extensive conshtsions as well as paral- 
lels with conditions in a septic rabbit disease described by Murray, 
Webb & Swann and characterized among other things by a mo- 
nonuclear blood picture. The normal markedly varying and diffi- 
cultly evaluated blood picture in rabbits would seem a priori scarcely 
inviting for parallels on such a basis. The striking differences bet- 
ween the clinical and pathological picture in the disease produced 
by Murray, Webb & Swann with Bacterium monocytogenes 
cuniculi in young rabbits and infectious mononucleosis in man 
would also seem to justify the emphatic utterance of Lkhndorit 
& Kovacs to the effect Mass vir mil Sicherheit sagen konnen, 
dass bier etwas prinzipiell Andersartiges vorlicgt”. Up to the 
present to the writer’s knowledge no investigation has been pub- 
lished which satisfactorily supports Nyfeldt’s conception of the 
etiology of infectious mononucleosis. 

During 1930 and 31 John Bland reported the result of a number 
of animal experiments which also seem to require mention. Bv in- 
oculation of citrated blood from a human case of infectious mono- 
nucleosis Bland produced in rabbits a fata! disease which he was 
able to pass on indefinitely. This disease differed in 110 way clini- 
cally or pathologically from the disease which could be produced by 
inoculation of a strain of Toxoplasma cuniculi of rabbit origin in- 

animals °/ T °“ plasms organs of the infected 

animals. When blood from these rabbits was inoculated into a 

tiesfoZman’ 5 similar!- 

Picture Z 5 m °' , 0 nuclc 0 sis wi «- -W to the blood 

P cture. However, m v,cw of the clinical differences and also the 





common occurrence of nosocomical protozoal infections in rabbits, 
Bland’s assumption of the significance of his Toxoplasms for the 
etiology of human infectious mononucleosis can scarcely be accep- 
ted until confirmed from other quarters. 

The results of Nyfeldt as well as those of Bland will be the 
object of further discussion in the following. 



II. THE INVESTIGATIONS OF 
THE AUTHOR 


i. Material and relevant clinical data. 

The present experiments have been based on a series of 27 
clinically, haematologicalfy and serologically typical cases of in- 
fectious mononucleosis. All have been sporadic cases which have 
been taken care of in different hospitals in Stockholm during the 
period from December 1937 until January 1942 and the writer has 
had the advantage of examining and following them extensively 
thanks to the courtesy of the colleagues in question. The material 
is selected to the extent- that, of the cases observed during the 
period in question, only those have been included, which have been 
under the writer’s observation during the entire course of the 
disease including the initial stage of fever. Blood cultures have been 
made, the extirpated lymph nodes have been examined bac- 
teriologically and pathologically and injection experiments on 
animals have been carried out with material from the patients. 
In addition a number of serobacteriological experiments have 
been performed on patients, healthy controls and experimen- 
tal' animals, with two Listerella strains obtained from Ny- 
feldt. For various resasons the investigations on the indi- 
vidual patient have sometimes had to be limited. The disease 
is in the majority of cases a peculiarly benign condition and 
the inital fever stage is often of only a few days duration. 
When during the more or less afebrile convalescent period it seemed 
a priori as if the cultivation of the blood and of extirpated lymph 
nodes would offer little chance of positive results, such procedures 
were carried out only in cases where the diagnosis had been 
made at such an early stage that the investigation could be done 
while the patient was still febrile. Thus it has sometimes been the 
rapid regression of 'the disease which has prevented the carrying 
out of a -specific procedure. In a number of other cases the sur- 
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* Average duration . : 10.6 days 'lnjacticft d fauc es , ExudaU\»A*iuUiitU or jicryugitii 

Fig. i. Outstanding symptoms and physical signs in order of fre- 
quency in fifty cases (thirty-eight male, twelve female) of infec- 
tious mononucleosis, (cit. by Me Kinley). 

gical topography of the lymphoma in question has counierindicated 
t'he taking of a biopsy, as have cosmetic considerations in a couple 
of other instances. In a few cases economic reasons have neces- 
sitated discharge of the patient from hospital before the completion 
of all the planned examinations. 


The. disease picture of infectious mononucleosis presents a multi- 
plicity of clinical aspects. On the whole it is the picture of an 
acute infectious disease. Certain symptoms .however often dominate 
the course of the disease to such an extent that they more or less 
impress a particular character on the case. Since long ago a distinc- 
tion has been made between on the one hand the Pfeiffer type 
characterized by the more or less general lymph node enlargement 
where often particularly the cervical adenitis is of striking magnitude 
and on the other hand the type dominated by a severe, sometimes 
necrotic angina, Schultz’ ’’Monocytenangina”. Moreover Tidy has 
pointed out that the disease not infrequently presents only the 
picture of a long-drawn-out fever without the appearance of either 
enlarged lymph nodes or angina. He calls this variety the febnle 


, Eynph node enlargement 
Cervical 
Axillary 
Inguinal 

Fever 

Angina 

Enlarged spleen 

General nalaise 

Abdominal symptoms 

Conjunctivitis 

Jaundice 

Haematuria 

Eash 




20 25 


llo.of case3 


Fig. 2. Outstanding symptoms and physical signs in order of frequency in 
the author’s material, twenty-seven cases (eighteen male, nine female) of 

infectious mononucleosis. 


type. The classification is to a certain extent artificial in that the 
simultaneous occurrence of intensive angina and large lymph nodes 
is not rare but it would seem on the whole to correspond to the 
clinical actualities usually encountered. Less frequent are the cases 
where the clinical course is given its character according to the 
presence of, for instance, nephritis, hepatitis, meningo-encephalitis, 
an exanthema or a probably secondary peritonsillitis or pneumonia. 
Common to all cases is the mononuclear blood picture with relative 
lymphocytosis and the occurrence of characteristic pathological 
lymphocytes, a peculiar large-celled pleomorphic hyperplasia in the 
microscopic picture in the enlarged lymph nodes and in the majo- 
rity of cases the development in the blood of immune substances 
hemolytic and agglutinating towards sheep red blood cells. 

In Figure i above, a survey is given of the mutual frequency of 
the most common clinical symptoms in a series of 50 cases assem- 
bled by Me Kinley in 1935. For comparison, Figure 2 presents 
according to similar principles a survey of the writer’s material in 
connection with which the reader is reminded that the latter has 
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been the object of a certain amount of selection. A survey of the 
more important clinical data an the- present material is presented 
in Table I. The details of the cases are submitted in the case 
histories on page 74. 

Those still more interested in the clinical features of the disease 
are referred first of all to the monographs on the subject by 
Leiindorff and Schwarz, Tidy, Glanzmann, Downey' & Me 
Kinley, Downey & Stasney and Nyfeldt. Scandinavian readers 
are also referred to the works of Nyfeldt, Thomsen & Wm- 
TRUP, 0LLGAARD, RUDEBECK and WlSING. 


2. Sero-Bacteriological Investigations. 

A. BLOOD CULTURES. 

Blood cultures was carried out 30 times on altogether 21 pa- 
tients still suffering from infectious mononucleosis in its acute 
febrile stage. In all cases except two (cases 3 and 5) the patient 
presented on the occation of the examination a temperature of 
over 38,0° C. in the majority of instances between 38,5 and 
39,5° C. (see table 1). Scrupulous attention was given to the 
observation of all possible aseptic precautions. 

Twenty-five to thirty cubic-centimeters of blood were aspirat- 
ed from the cubital vein using heparin or citrate as a noncoagu- 
lant and the material was at once inoculated into the diffe- 
rent media. Ordinary pepton bouillon Ph 7,3 — 7,4 and the 
same with 1 % glucose were mixed with about 5 and 15 c /o 
blood respectively. Agar plates were made with portions of 
the two latter. In cases 6, 8, 9, 12, 13, 18 — 27 (= twenty- 
two blood cultures) liver bouillon was also mixed with 5 
10 % blood. In all cases tubes of blood also were incubated 
without any other addition then the citrate or heparin (ci- 
trate in cases 1 — 7, heparin in the others). Incubation was 
done at 3 7 0 C, aerobically and anaerobically. Ihe aerobic in- 
cubation took place in Zeissler flask, in cases 1 — 7 with cases 
1 — 7 with water suction, in the other cases in nitrogen with 5 v /o 
COa. In cases 22 — 27 anaerobic cultivation was also done on 
pvrogallol plates according to Kock. After regular inspections 
of the media the final reading of the results was made after 4 to 



4 ** 4 ^ 


| (39-Q* I 

14 16 

(38.8° C) (37-7° C) 

16 

(37-7° C) 


signilicant angina. Spleen not palpable. 

Acute onset with fever, general malaise, pal- 
pebral edema, and a sore throat. On admis- 
sion temperature 37.9° C, severe angina, pal- 
peblar edema and general enlargement of the 
lymph nodes. Spleen not palpable. 
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- weeks. Specimens from fluid media were then centrifuged and 
the sediment was examined by direct microscopy in cases 6, 8, 
9, 12, 1 3 and in 18 — 27 the sediment was also planted on liver 
bouillon. In the latter way the results were also read off in 
regard to the specimens which had been incubated without any 
other addition than heparin or citrate. Aside from the occurence 
of staphylococcus albus and diphteroids 4 or 5 times in isolated 
media, all substrata in all cases zdere still sterile after 4 to 5 weeks. 

B. CULTIVATION EXPERIMENTS WITH LYMPH NODE 

MATERIAL. 

Lymph nodes were extirpated in 16 cases. In one of these it 
was an enlarged inguinal lymph node (case 21) but in all the 
others there were from the cervical region. (Cases 1 — 7, 12 — 18, 
30 — 24, 26 and 27). All the lymph nodes were eztirpated during 
the initial still febrile stage of the disease (See table 1). All the 
lymph nodes were removed under strictly aseptic conditions and 
deprived of their fat. After a small portion had been excised for 
the microscopic examination, the rest was immediately ground 
up in a sterile mortar with four parts of sterile saline and filter- 
ed through sterile gauze. The resulting suspensions were used 
for cultivation and inoculation experiments, and in some cases 
after heating, as antigen for cutaneous and intravenous tests. 

In all sixteen cases, immediately after the preparation of the 
lymph node suspension, it was inoculated into the following 
media: Ordinary peptone broth of pH 7,3, 1 % glucose broth, 
the same with 5,10 and 20 % ascitic fluid, 5 % horse-blood 
broth, liver broth, 1 serum blood agar, ascites blood agar, horse 
blood agar, and finally Hohn’s egg substratum. Incubation was 
carried out at 37 0 under aerobic and anaerobic conditions 
(Zeissler, nitrogen with 5 % CO2, Cases 1 — 7 with only water- 
suction evacuation. 

The cultures were inspected at regular intervals. Final exami- 
nation was made after 4 to 5 weeks. 

Except for the sparse growth of B. Friedlander in one case 
(No. 13), and for the sparse and occasional occurence (3 or 4 
times) of staphylococci and pseudo-diphteria bacilli in single 
substrates, all cultures were still sterile after 4 to 5 weeks. 


1 With the exception of cases 1 — 7. 
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C. EXPERIMENTS WITH STRAINS OF B. NYFELDT. 
a) Bacteriological control. 

It was mentioned in the introduction that Nyfeldt assumed that 
an organism which he called ’’Bacterium monocytogenes hominis’’ 
afterwards classified as belonging to the Listerella family (Lister 
Institute Type Culture 5 ^ 5 ) > was the cause of infectious mono- 
nucleosis in man. Nyfeldt recovered this organism in cultures 
obtained from the blood or cerebrospinal fluid in 8 cases of the 
disease. The additional support for his claim is his report that in 
two cases the serum from the patient agglutinated the bacteria 
found, in the one instance in the dilution 1 : 250, in the other 
t : 3200. 

In an attempt to illuminate further the possible pathogenetic 
connection between the Nyfeldt bacterium and infectious mono- 
nucleosis in man, a number of experiments 'have been performed 
with two strains generously placed at the disposal of the writer by 
Doctor Nyfeldt. Both of these strains, designated by Nyfeldt 
as ”28” and ”37”, respectively, had been cultivated from clinically 
typical cases of infectious mononucleosis. 

Control examination of the bacteriological properties of the two 
strains revealed the characters described by Nyfeldt. The orga- 
nism was a Gram-positive rod, 1 — 3 g in length and about 0.5 g in 
diameter. It grew aerobically, multiplying poorly in ordinary 
bouillon at pH 7.3 but producing dense cloudiness in liver bouillon 
in 18 to 24 hours. The results obtained in fermentation experiments 
are shown in Table 2. On no medium was there gas formation. 
Only doubtful growth was obtained on dulcite substratum and the 
results have therefore been indicated with a question mark in the 
table. Inconstant results were obtained on a number of other media 
and these results have been noted with an S? Unquestionable 
fermentation was obtained on dextrose, saccharose, laevulose, 
rhamnose, salicin, dextrin and glycerol-fuchsin. 

Similar results were obtained by Seastone and Julianelle 
among others, in fermentation experiments with a number of Liste- 
rella strains of human origin as well as from animal sources. The 
peculiar type of growth in semisolid media, observed bv Seastone 
to be common to his Listerella strains, was also present in the 
case of the two strains “28” and “37” furnished by Nyfeldt. 
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TABLE 2. 


Fermentation experiments with the Nyfeldt strains “28” and “37” 



Nyfeldt ”28” 

Nyfeldt ”37” 

48 hours 

10 days 

48 hours 

10 days 

Dextrose 

s 

s 

s 

s 

Maltose 

s? 

s? 

s? 

s? 

Arabinose 

0 

0 

0 

0 

Dulcitol 

? 

? 

? 

? 

Inocitol 

0 

0 

0 

0 

Rhamnose 

s 

S 

s 

s 

X3'lose 

s? 

s? 

s ? 

s? 

d-Tartrate 

? 

? 

s ? 

s? 

Dextrin 

s 

s 

s 

s 

Salicin 

s 

s 

s 

s 

Glycerol- fuchsin 

• 

s 

s 

s 

s 

Lactose 

s 

s 

? 

s 

Sucrose 

s 

s 

s 

s 

Starch 

0 

s? 

0 

s? 

Sorbitol 

s? 

s? 

s? 

s? 

Laevulose 

s 

s 

s 

s 

Mannitol 

0 

0 

0 

0 


Thus bacteriological control tests would not seem to contradict 
the assumption that the Nyfeldt strains belong to the Listerella 
family. 


b) Inoculation of the Nyfeldt strains 
into rabbits. 

Two series of experiments were carried out. In the first series 
two rabbits were injected with strain “28” and two with strain 
37 • Each animal received intravenously 1 cm 3 of a physiological 
saline suspension of about 100 million bacteria obtained from an 
agar culture incubated for 14 days at 37 0 C. The result may be 
read off in Table 3 (Rabbits 1 — 4). The four rabbits developed 
perhaps a slight leucocytosis but there was no change in proportion 
between the polymorphonuclear and mononuclear cells in the blood. 
Neither could any lymph node enlargement be observed either 
clinically or at autops}'. 









TABLE 3. 


Intravenous Inoculation of Rabbits with Nyfeldt’s Listerclla Strains 
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In view of the result of this experiment a second series, this 
time of seven rabbits, was innoculated intravenously with the same 
strains. On the advice of Nyfeldt a larger dose was used, about 
500 — 10,000 million bacteria, and the suspension was prepared with 
physiological saline from the sediment of a liver bouillon culture 
incubated only 18 — 24 hours at 37 0 C. The results may be read off 
in Table 4 (Rabbits 5 — 11). The findings may be summarized as 
follows: The fresh cultures of Nyfeldt’s strains proved patho- 
genic for the rabbits innoculated with the stated dose. They deve- 
loped fever and showed marked general toxic effects. After an 
incubation period of one or a few days there appeared a more or 
less pronounced leucocytosis. A passing, relative mononucleosis 
possibly occurred in one case (Rabbit 9). Otherwise no significant 
change in the mutual relation between the polymorphonuclear and 
mononuclear cells could be observed. However the frequency of 
the large lymphocytes and large monocytic cells with peculiar 
nuclear forms did increase at the expense of the small lymphocytes. 
The large cells just mentioned had an extremely polymorphous 
appearance and their classification is therefore necessarily very 
uncertain. The cells more or less certainly definable as monocytes 
have therefore been grouped together under the heading “mono- 
cytoid” (Table 4). The variations from day to day in the per- 
centual composition of the blood in regard to the different catego- 
ries of white blood cells were remarkably great, not infrequently 
over 100 %, despite careful technique and the taking of the speci- 
mens at the -same hour each day. Neither clinically nor at autopsy 
did any of Rabbits 5 to 11 show, any lymph node enlargement. 
Nor could any macroscopic lesions be detected in any of the in- 
ternal organs at autopsy. Rabbits 5, 6, 7 and 9 died spontaneously 
with the picture of an acute toxemia. In the three first cases typical 
rods of the Nyfeldt type were recovered on cultivation of blood 
taken under aseptic precautions by cardiac puncture in connection 
with the autopsy. 



-4 


TABLE 4. 

intravenous Inoculation of Rabbits with Nyfeldfs Lisieretta Strains 



















Date 

Total 
leuco- 
cytes 
per mm 3 

Neutro- 

phils 

% 

Eosino- 

phils 

% 

Baso- 

phils 

% 

M0110- 
cytoids 
and un- 
certain 
forms 
% 

Lympl 

Large 

% 


Rectal 

tempe- 

rature 

Rabbit No. 10. 








3/2 

7100 

27 

o-s 

O 

3 

3-5 

66.0 

38.6 

4/2 

6500 

S 

O 

3 

2 

6 

Si 

— 

7/2 

S 3 00 

34 

0 

O 

1 

5 

60 

38-8 


7/2. 1.0 cm 3 ’37” (1000 million per cm 





9/2 

7500 

14 

0 

I 

5 

x 1 

69 

40.2 

13/2 

14900 

19 

1 

I 

4 

l6 

59 

3S.6 

15/2 

15700 

32 

4 

I 

n 

5 

56 

39-4 

17/2 

14200 

39 

rt 

5 

3 

9 

42 

39-2 

1 S/2 

1 1200 

39 

I 

0 

6 

S 

46 

3S.8 

20/2 

164C0 

37 

0 

1 

4 

10 

48 

38.7 

22/2 

12400 

75 

0 

0 

3 

5 


39-0 

24/2 

13100 

Gx 

I 

3 

3 

10 



27/2 

S500 

37 

I 

2 

n 

TO 



Rabbit No. 11. 








20/1 

5200 

12 

— 

— 

6 

10 

72 

— 

23/ 1 

5900 

6 

— 


6 

7 

81 

— 

26/1 

6100 

S 

— 

— 

4 

S 

So 

— 


26/1 1 cm 

3 ”37” (5000 million per cm 3 





2S/1 

— 

13-5 

3 

— 

— 

16.5 

67 

— 

30/1 

9000 

6 5 

8.5 

— 

2 

31-5 

5 i-S 

38.7 

3/2 

S300 

1 1 

2.5 

— 

I 

3 < 3.5 

49 

39-4 

4/2 

9S00 

21.5 

1 

— 

I 

1S.5 

58 


7/2 

9100 

5-5 

6 

— 

— 

9 

79-5 

39-1 

9/2 

9S00 

13 

1-5 

o -5 

0.5 

3 

S1.5 

38.8 

13/2 

9600 

16 

X 


1 

4 

78 

39-6 

15/2 

10100 

14 

3 


3 

S 

72 


17/2 0.2 cm 3 ”28” (10.000 million per cm 3 ) 1 




I S/2 

10700 

25-5 

— 

— 

3-5 

6 

65 

40.3 

22/2 

1 1400 

29 

11.5 

— 

S 

23-5 

2S 

39-6 

24/2 

1 1S00 

29 

5 

— 

3-5 

20.5 

42 

39 3 

27/2 

6600 

33. 5 

— 

— 

S 

6 

52-5 



Four more rabbits were inoculated as controls. Two received 
2 cm 3 India ink intravenously and the other two 2 cm 3 of a suspen- 
sion of about 10,000 million bacteria per cm 3 of a staphylococcus 
albus cultured from the air. All these rabbits developed an exceed- 
ingly transient increase in the polymorphonuclear cells with a slight 
•shift to the left but no increase whatever in the number of large 
lymphocytes or monocyloid elements. The animals showed no' fever 
and their general condition was unaffected. 


Thus on intravenous injection into rabbits the Nyfeldt strains 
28 and “37” produced an increase in the number of large lympho- 














TABLE 5. 


Date 

Total 

number of 
leucocytes 

Neutro- 

phils 

Eosino- 

phils 

Baso- 

phils 

Lympho- 

cytes 

Mono- 

cytes 

23 / 1/39 

14 200 

45 

2.0 

0 

49-5 

3-5 

2/2 

Inoculation 






3/2 

1 6 400 

79-S 

0.5 

0 

19 

1.0 

4/2 

22 900 

79-5 

o-5 

0 

21.5 

2 -5 

6/2 

14 400 

7i-S 

1.0 

O 

2 4-5 

3-o 

S/2 

16 200 

63.5 

i -5 

O 

26 

4.0 

9/2 

15 000 

So 

0.5 

0 

16 

3-5 

10/2 

— 

So 

o .5 

0 

16 

3-5 


sized necrolic foci of similar appearance. The spleen was perhaps 
somewhat larger than normal. The appearance of its cut surface 
was that seen in an acute infection, somewhat less firm and more 
like plum-butter than usual. In the inguinal regions and axillae 
there were a couple of lymph nodes scarcely the size of rice kernels. 
Otherwise there were no lymph node enlargements in the axillae, 
inguinal, cervical, praesacral or mesenteric regions. Microscopic 
examination of the inguinal lymph node revealed normal lymphatic 
tissue. Figure 3 below shows the microscopic picture of the 
abscess-like necrotic foci in the omentum and cerebral cortex. 
Cultivation of blood removed aseptically from the heart lead to the 
recovery in pure culture of typical B. Nyfeldt. The hetero-agg- 
lutinin liter on the same blood was 1:64 (actual dilution) when 
carried out according to Bunnel & Paul. 

Experiment 3. Macacus rhesus 86 was inoculated 13/2 39 with a 
suspension (about 2,000 million per cm 3 of the Nyi-eldt strain 
“37”. The suspension was a physiological saline solution of the 
sediment from a liver bouillon culture incubated for 24 hours at 
37° C. The inoculation dose was 0.4 cm 3 intracercbrally and 2.0 cm 3 
mlraperitoneally. On inspection 24 hours after the inoculation the 
monkey showed a considerably impaired general condition. On the 
fouith day there was definite stiffness of the neck which increased 
markedly the following day. The general condition became very’’ 
bad with collapse temperature. The impairment progressed until 
death look place on the sixth evening in a position of opisthotonus. 
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The blood picture during the experimental period showed moderate 
leucocytosis with a shift to the left. There was a relative lympho- 
penia without the occurrence of pathological lymphocytes. 

Autopsy on Monkey S6 on 20/2 revealed the following: The 
animal was in rigor mortis in the opisthotonus position. The organs 
of the thorax and abdomen showed no macroscopic abnormality. 
The size., consistency and cut surface of the liver and spleen were 
not abnormal. There were no enlarged lymph nodes anywhere along 
the sternocleidomasloids or in the axillae, inguinal, praesacral or 
mesenteric regions. Removal of the cranium revealed marked in- 
jection of the vessels of the dura and of the edematous lepto- 
meninges. The fluid in the basal cisterns appeared slightly cloudy. 
Microscopic examination of an inguinal lymph node half the size 
of a rice kernel showed no abnormality, the spleen was typical of 
an acute infection, and the cerebrum and meninges revealed the 
picture of an acute cncephalomeningitis (Figure 4 above). A pure 
culture of typical B. Nyi-ixdt was obtained from the heart blood 
taken by aseptic puncture. The hetero-agglutinin titer on the same 
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blood was 1 : 16 (actual dilution) when tested according to Bun- 
nell & Paul. 

Thus Bacterium Nyfeldt as represented by the two strains ob- 
tained from and numbered by Nyfeldt himself revealed itself as 
highly pathogenic for two Macacus monkeys, producing in these 
animals on intravenous injection a rapidly fatal septic infection 
with suppurative meningitis and encephalitis. It was not possible 
to demonstrate any reaction from the lymphatic system in the form 
of lymph node enlargement, lymphocytosis or the occurrence of 
pathological lymphocytes or monocytic cell elements in the blood. 
The disease picture thus observed seems to correspond well with 
that described by a number of workers such as Seastone and 
Juliaxelle in infections in monkeys and other higher mammals 
with strains of the genus Listerella, as welt as with the disease 
picture which several researchers (Table 16, page 62) describe in 
cases of apparently undoubted Listerella infection in man. It was 
not possible to demonstrate any significant clinical, haematological 
or pathological similarities between the disease picture produced 
in the monkey with the Nyfeldt bacteria and infectious mono- 
nucleosis in man. 

d) Serological c x p c r i m c n t s. 

In order to discover whether infectious mononucleosis causes 
the formation of antibodies against B. Nyfeldt, parallel to the 
formation of immune bodies demonstrable by the Bunnell & 
Paul reaction, and whether antisera against Nyfeldt’s bacteria 
give hetero-agglutination, the following experiments have been 
carried out. 

Experiment 1. Suspensions of strains "28” and “37” respective- 
ly, were injected intracutaneously into (a) six recently afebrile, 
convalescent infectious mononucleosis patients with high hetero- 
agglutinin titers in the serum and (b) as a control into four 
healthy medical students. The latter had never suffered from any 
lymph node disease and on the day of the experiment showed a 
normal blood picture, a normal sedimentation reaction, a normal 
hetero-agglutinin titer and a negative Wassermann reaction. The 
suspensions of bacteria were in physiological saline, about 10,000 
million bacteria per cm 3 of sediment from a liver bouillon culture 
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TABLE 6. 



Ap- 

prox- 

Mono- 

Hetero- 

agglutinin 


Intracutaneous 

reaction 

Case No. 

imatc 


titer 

Antigen 




lcars 

% 


48 



dav of 

(Actual 


24 

72 


illness 

dilution) 


hours 

hours 

hours 





Nvf. 28 

45 X 50 

I X I 

O 

16 

15 

73 

i : 1024 

Nyf. 37 

30x35 

0 

0 

Ty. Pt A + B* 

25 X40 

O 

0 





Horse serum 

15 X 20 

[5 X 20 

20 X 25 





Nyf. 28 

50x55 

5 X 5 

I X 2 


11 

62 

1 : 4096 

Nyf. 37 

25X55 

3 X 4 

I X I 

17 

Ty. Pt A + B 

30 x 40 

7 X 5 

7 X 5 





Horse serum 

0 

O 

O 



■ 

mmm 

Nyf. 28 

20 x 30 

4 X 4 

0 


28 

D 

B 

Nyf. 37 

20 x 30 

3X4 

I X I ? 


Ty. Pt A + B 

20 x 25 

9 X 9 

0 



M 


Horse serum 

0 

0 

0 





Nyf. 28 

5x6 

3x2 

0 

IS 

about 25 

s 4 

1 : 2048 

Nyf. 37 

Ty. Pt A + B 

4X4 

10 X 7 

0 

7x7 

0 

7X7 





Horse scrum 

5X4 

I X 1 

0 





Nyf. 28 

40 X 25 

1X2 

mm 

iS 

about 20 

37 

1 : 2048 

Nyf. 37 

Ty. Pt A + B 

20 X 15 
37 X 28 

I X I 
2X2 

ip 

I 




Horse serum 

3 X 2 

0 

0 

■1 




Nyf. 28 

5 X 7 

0 

0 

B 

8 

64 

1 : 204S 

Nyf. 37 

Ty. Pt A + B 

IOX IO 
50 X 70 

0 

IOX 10 

0 

I X I 

1 




Horse serum 

1 X I 

0 

0 





Nvf. 28 

Sox 60 


0 

Control 1 

(P. A-g) 

— 

34-5 

B 

Nyf. 37 
Saline, 

0.5% phenol 

30X30 

0 

I X I 

O 

0 

0 





Nyf. 28 

50x30 

2X2 

0 

Control 2 


32-0 

I I 

Nyf. 37 

30X20 

1x2 

0 

(N. 0 -n) 


B 

Saline, 

0.5% phenol 

0 

0 

0 






Nyf. 28 

100 X 70 

3x3 

0 

Control 3 


30-5 

1 : 16 

Nyf. 37 

10 X 10 

0 

0 

(G. N-n) 


Saline, 

0.5% phenol 

0 

O 

0 



Control 4 

(P. B-g) 




Nvf. 28 

30 x 70 

I X 2 

0 

— 

40.5 

IM6 

Nyf. 37 
Saline, 

30X40 

0 

1X2 

O 

0 

0 





0.5% phenol 


# 



* Typhoid, Paratyphoid A + B vaccine. 






































































of Strains "28" and “2,7” respectively, incubated for 18 to 2 4 
hours. Inactivation was carried out twice for 2 hours at 63° on 
consecutive days. After testing for sterility 0.5 % carbol was added. 
As a control simultaneous intracutaneous injections were made 
with horse serum (-1- 0.5 % carbo!) as well as with typhoid-para- 
typhoid antigen. (The State Bacteriological Laboratory’s injection 
material against intestinal typhoid-paratyphoid A and B control 
No. 8, z,ooo million per cubic centimeter). In all the experiments 
the quantity used was O.i cm 3 . Inspection was done after 24, 48 
and 72 'hours. The results may be found in Table 6. 

Experiment 1. shows that no difference could be demonstrated 
between infectious mononucleosis convalescents and healthy con- 
trols in regard to the reaction of the skin to intradermal application 
of B. Nyfeldt. 

Experiment 2. Sera from 10 recently afebrile infectious mono- 
nucleosis convalescents with negative Wassermann reactions and 
with a hetero-agglutinin titer between 1/512 and 1/4096 (actual 
dilution) were examined for the presence of agglutinins for B. 
Nyfeldt, strains “28” and "37". The reaction according to Mul- 
ler- Wassen 1 was also tested out on these same sera with 0.2 and 


1 Muller himself showed that his flocculation reaction (M.B.R. II) was 
‘practicable not only for the -diagnosis of lues but also after the introduction 
of specific antigen sucli as ”Gono-Ballung”. Since then Erik Wassen has de- 
monstrated that M.B.R. II can be used generally in serum diagnosis by re- 
placing the Neisser antigen with some other bacterial antigen in the Gono- 
Ballung procedure. Wassen proved among other things the extraordinary 
specificity and value of a ’’Bang-Ballung Reaction” carried out in this way. 

In the writer’s experiments the rules of procedure of Muller and Wassen 
have been carefully observed. The technique has been as follows : 

A. Reagents. 

1) Miiller-Ballung Reagent II. 

2) Bacterial suspension, 20.000 million per cubiccentimeier prepared 
from sediment of a liver bouillon culture of the Nyfeldt strains 
’'2S” and ”37”, respectively, incubated for 24 hours. Inactivation at 
63° for 2 hours on two successive days. After sterility test, addition 
of 0.5 % carbol. 

3) Stock soda solution. 3 c /o soda in physiological saline. 

4) Fresh soda solution, prepared an each occasion from 1 cm a 01 me 
stock solution + 99 cm 5 physiological salt solution. . 

5) Diagnosticum, prepared on each occasion from a mixture or one 
part bacterial suspension and two parts of the fresh soda solu 1011. 

B. Preparation of the antigen. 2 cm 3 of Miiller-Ballung Reagent tt v 
introduced into an eprouvette 16 mm in diameter and 90 mm ong. 
Into this was run in with a pipette in about 3 seconds 3 cm" diagno 1- 
cum along the side of the tube. The tube was then turned up 
down several times, the end being held closed with the thumb. 1 
temperature of both solutions was preferably 17 0 C. After 12 mmu 
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0.3 cm 3 serum. Also in this connection was tested out simultaneous- 
ly the eventual presence of agglutinins for Proteus x ici antigen. 
(State Bacteriological Laboratory). As a control were examined, the 
sera from three healthy medical students who had never suffered 
from lymph node disease and who presented a normal blood picture, 
a normal sedimentation reaction and a negative Wassermann reac- 
tion. The result is to be found in the following Table 7. 

Experiment 2 shows that with the agglutination and flocculation 
reactions it was not possible to demonstrate a greater quantity of 
antibodies against B. Nyfeldt in sera from convalescents from 
infectious mononucleosis than in healthy controls, despite the in- 
tense immune body production demonstrable by the high hetero- 
agglutinin titers. Agglutinins of Proteus X 19 could not be de- 
monstrated in the convalescent sera. 

Experiment 3. Immunization against B. NyYFELDT was carried 
out on four healthy medical students (between the ages of 23 and 
25) who had never had any lymph node disease and who presented 
a normal blood picture and normal sedimentation reaction, a nega- 
tive Wassermann reaction and a hetero-agglutinin titer not ex- 
ceeding 1 : 32 (actual dilution) when tested according to Bunnell 
& Paul. These students received 20 intravenous injections of 
either strain "28” or "37” in increasing doses from 0.1 cm 3 to 3.0 
cm 3 . The injections were given twice weekly and a suspension of 
about 1,000 million bacteria per cubic centimeter was used. The 
suspension was prepared by shaking up in physiological salt solu- 
tion the sediment from an 18 to 24-hour liver bouillon culture of 
the respective strain. Inactivation was carried out at 63° C for 
two hours on two subsequent days. After testing for sterility, 0.5 c /o 
carbol was added. Ten da) r s after the last injection, blood was 
taken from a vein and the serum tested for the presence of agglu- 
tinins for the Nyfeldt strains. The flocculation test was carried 
out according to Muller-Wassen and the serum was also 


C. 


£^!n ixll v« tr i in A fcrrC( , 1 to a flas b 50 111m in diameter and mixed 
stlH at C, with 25 cm 3 of the fresh soda solution. The 
antigen was then ready. 

fnTchhSrrt °L ih 'j lo t cculai ' on . reaction. To 0.20 and 0.30 cm 3 scrum 
- SG i f ° r 30 , min \ U “ was adl5ccl ancl mixed 0.5 cm 3 
'"'fj mixture was placed m a waterbath at 56° C for 2; mi- 
after s"? thereafter kept at room temperature, heading was' done 
Sated h ° UrS - A typiCal taU in tllc clear fl«M was dc- 
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tested for sheep erythrocyte agglutinins according to Bunnell & 
Paul. As controls were used the sera from three healthy medical 
students with normal blood status, normal sedimentation reaction 
and negative Wassermann reaction, none of them having received 
injections of antigen. The results of Experiment 3 may be seen in 
Table 8. 


TABLE 8. 


Case 

Im- 
munized 
against 
B. Ny- 
feldt 

Agglutinin 
titer for 

Flocculation 

reaction 

Hetero-agglutinin 
titer acc. Bunnell & 
Paul. Final dilu- 

Nvfeidt 

Nvfeidt 

Nvfeidt 

Nvfeidt 


tion 



strain 

No. 

28 

37 

28 

37 

1 :i6 

EH 


gag 

B-g, P. 

28 

i:5l20 

1:5120 

-f + + 2 

+ + 4 - 
+ + -f 

+ 

± 

O 

O 

A-g, P. 

37 

1:640 

>1: 10240 

4 i — h 

+ + ■+• 
+ -r 4 - 

± 

O 

0 

O 

N-n, K. 

2S 

> 1 : 10240 

1 : 10240 

-f- -f -f 

■ 4 “ 4 - 
4 - 4 - 4 - 

± 

0 

O 

0 

5 -n, N. 

37 

> 1 : 10240 

>1 : 10240 

+++ 

+++ 

H-++ 
+ + 4 - 

dz 

O 

0 

0 

Control 1 


i :zo 

1 : 20 

— 

— 

± 

O 

0 

0 

Control 2 



0 

O 

— 

— 

dz 

O 

O 

O 

Control 3 

— 

I .’20 

(trace) 

1 .’20 
(trace) 


— 

± 

± 

0 

0 


1 Serum dose 0.2 cm 3 . 2 Scrum dose 0.3 cm 3 . 


Experiment 3 shows that human antisera with a'high titer for 
B. Nyfeldt do not contain hetero-agglutinins in increased amounts 
when tested according to Bunnell & Paul. As the table reveals, 
both strains are agglutinated by serum obtained by immunization 
with only one of them. 

Experiment 4. Eight recently afebrile infectious mononucleosis 
convalescents received intravenously 0.5 — 1.0 cm 3 of a suspension 
of the Nyfeldt strain “28” or “3;”. The suspension contained 
about 10,000 million bacteria per cm 3 and was prepared with 
physiological salt solution from the sediment from an 18 to 24-hour 
liver bouillon culture. Inactivation was carried out for 2 hours at 
63° C on two subsequent days. After testing for sterility, 0.5 % 
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carbol was added. The temperature of the experimental persons 
was controlled for one-half day before and for 36 to 48 hours after 
tire injection of the antigen. During the day the temperature was 
measured every other hour and during the night, every second or 
every third hour. As a control, the same amount of antigen was 
injected into four persons who had never suffered from any lymph 
node disease and who at the time of the experiment presented a 
normal blood picture, a normal sedimentation reaction, a negative 
Wassermann reaction and a negative hetero-agglutinin reaction. 

The result of the experiment is to he read off in the following 
Table 9. 


TABLE o 


Case 

No. 

Approxi- 
mate day 
of illness 

Antigen 

Nyfeldt 

No. 

Volume 

injected 

cm 3 

10 

23 

37 

0.5 

11 

22 

28 

o-$ 

12 

17 

37 

O.l 

14 

27 

37 

1.0 

l6 

15 

37 

1.0 



• 


17 

IO 

28 

1.0 

18 

21 

37 

0.5 

20 

IO 

37 

o -5 


Results 


After 2 hours the temperature had risen 0.4 
and after 2/ 2 hours 0.6° C. From then on a 
normal temperature the entire period. 

Before injection temperature 37.0° C. After _ 2 
hours 38.9°, after 2'A hours 39.3 , after 3A 
hours 39.6°, from then on falling. Alter 4/5 
hours 38.5°, after’ 6/2 hours 38.1°, after 9 hours 
37.5°, from then on no elevation. 

No change in temperature during the 48-hour 
period of observation. 

No change in temperature ^rmg tl.ejIS.hour 
observation with measurement .even tiura 
hour. 

After injection the temperature rose imme- 

tliofelv reaching a maximum in 4 hours w 
0 7° rfse. After 10 hours the initial temperature 
was reached and no rise followed m the next 
48 hours. ‘ . 

Injection followed" immediately by chffls and 

fever peak with rafter 2 hours ^ 

r **“ <! 

hours. . . 

Immediate temperature rUe with maximum at 

39.7° after 4 hours. After . 10 hou ^J„ ed nor - 
initial temperature .wliicb then 
mal. Observation . period 60 hours. 

oerature. Observation period 55 hours. 


The experiments with the healthy controls toned 
,vith those in Table 9 . In boflr groups severe! persons ; *owed » 
mmediate rise in temperature after the injection. 
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reaction which was often associated with general malaise and chills 
was over within 9 to 10 hours and occurred in the controls as well 
as in the infectious mononucleosis patients. It would seem justifi- 
able to interpret the reaction as toxic. There was in no case a rise 
in temperature after an incubation period. 

Experiment 4 thus shows that no difference in the type of reac- 
tion could be shown in infectious mononucleosis convalescents and 
healthy controls after intravenous injection with B. Nyfeldt. 

It would thus seem as if the result of the serological experiments 
could be summarized as follows. Immune bodies toward Nyfeldt’s 
Listerella strains “28” and “37’' could not be demonstrated in 
patients who had just recovered from infectious mononucleosis in 
any greater quantity than in healthy controls on cutaneous testing, 
intravenous injection of antigen, by examination for the occurrence 
of agglutinins or by the flocculation reaction according to Mul- 
ler-Wassen. Human antisera against the Nyfeldt strains with 
high agglutinin titers and positive flocculation reactions according 
to Muller-Wassen proved with the Bunnell-Paul technique 
not to contain sheep erythrocyte agglutinins in a titer exceeding 
that in healthy controls. 

D. ATTEMPTS TO TRANSMIT THE DISEASE. 

a) Inoculation c x p e ri m cuts with rabbits. 

Blood from 10 patients (Cases 8, 9, 12, 21 — 27) in the acute 
febrile stage of infectious mononucleosis was inoculated into 12 
rabbits. Five to twenty cubic centimeters of heparinized venous 
blood, as soon as possible and always within 15 minutes after its 
removal from the patient, was injected intravenously into a vein 
of the ear of the experimental animal. In one instance the rabbit 
received 5 cm 3 intravenously and 5 cm 3 intraperitoneally. The ani- 
mals which survived the primary interference were thereafter sub- 
jected to control examination three times a week for three or four 
weeks in regard to the total number of leucocytes in the blood, the 
differential blood count and the rectal temperature. 

The result of the experiments may be summarized as follows. 
Four experimental animals who had received intravenous injections 
of 15 — 20 cm 3 of human blood from 3 cases (21, 23, 26) of infec- 
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tious mononucleosis died within 24 hours of the inoculation and 
at the subsequent autopsy no macroscopic changes could be obser- 
ved in any of the organs. Two animals for a few days after the 
injection showed a slight increase in the total number of white 
blood cells, in the one instance accompanied by a corresponding rise 
m the percentage of polymorphonuclears, in the other without any 
significant change in the percentual relation of the leucocytes in 
the blood. In the remaining six cases there occurred no significant 
alteration in the total number of white cells during the period of 
observation. In no case was it possible to discover any significant 
increase in the percentage of mononuclears. Despite careful tech- 
nique rather varying values were often obtained for the differen- 
tial counts on consecutive occasions. In no case did the experi- 
mental animals present any rise in temperature or any other clinical 
symptom whatsoever during the period of observation. In no in- 
stance did autopsy after the conclusion of the experiment reveal 
any lymph node enlargement or other macroscopic change in the 
inner organs of the animals. Toxoplasms could not be identified in 
any case in smears from the internal organs of the rabbits. 

b) Inoculation c x p crime nt s wit h w on k eys. 

Attempts to infect monkeys with material obtained from patients . 
suffering from infectious mononucleosis were carried out in a 
number of cases. 

First of all two Macacus rhesus monkeys were inoculated with 
heparinized blood from patients in the acute febrile stage of infec- 
tious mononucleosis. The monkeys received 0,4 cm 3 intracerebrally, 
20 cm 3 intraperitoneally and 20 cm 3 subcutaneously in one thigh. 
The animals were inspected and the blood picture studied at least 
every other day. During a three-week period of observation how- 
ever, it was not possible to observe any change in the blood picture 
nor to demonstrate any palpable lymph node enlargement. 

On account of the negative result of these preliminary experi- 
ments and although attempts to demonstrate antigen by intradermal 
application of lymph node suspension in infectious mononucleosis 
patients had given uncertain and intravenous application negative 
results (Tables 10 and n), a number of further experiments were 
carried out using a suspension of extirpated lymph node tissue as 



TABLE io. 


Intradermal tests on infectious mononucleosis convalescent with lymph 
node suspensions (i to 5 in sterile saline plus 0.5 % phenol) from cases of 
the same disease in the acute febrile stage. 


Case 

Mono- 

nuclears 

(highest 

percentage 

observed) 

Hetero- 
agglutinin 
titer (actual 
dilution) 

Approxi- 
mate day 
of illness 

Volume 

injected 

Material 
from Case 

Intradermal reaction 

24 hrs 

48 hrs 

72 hrs 

B 

74 

i : 1024 

9 

O.I 

I 

4X4 

3 X 3 

2X2 




1 I 

0. 1 

2 

4X4 

2X2 

2X2 

n 



1 1 

O.I 

saline 

O 

0 

0 


73 

1:512 

2 5 

O.I 

4 

2X2 

2X2 

I X 2 





0.2 

4 

5 X 5 

3x3 

2X2 





O.I 

A.T. 1 

20X20 

20 X 20 

15x15 





O.I 

human 2 

O 

O 

0 






serum 




5 

87 

i : 2048 

25 

0.2 

6 

O 

X 

0 

10 X 10 

— 





0.2 

human 2 

0 

0 

— 






serum 




6 

76 

i : 4096 

24 

0.2 

6 

0 

0 

0 





0.2 

human 2 

0 

0 

0 






serum 




7 

S7 

1 : 2048 

12 

0.2 

6 

4x5 

3x2 

— 





0.2 

4 

4x3 

3X2 

— 

8 

6S 

1 : 512 

IS 

0.2 

4 

0 

0 

0 





0.2 

6 

0 

0 

0 





0.2 

human 2 

0 

0 

0 






serum 




9 

80 

1 : 1024 

15 

0.2 

4 

0 

0 

0 





0.2 

6 

0 

0 

0 





0.2 

human 2 

0 

0 

0 






serum 




12 

86 

1 : 4096 

19 

0.2 

4 

0 

0 

0 





0.2 

6 

0 

0 

0 





0.2 

human 2 

0 

0 

0 






serum 





1 Alt Tuberculin 1 : 1000. 

2 Sterile human serum in saline, 1 : 5 plus 0.5 c /o phenol. 


TABLE 11. 

Intravenous injection into infectious mononucleosis convalescents of inac- 
tivated suspensions (1 to 5 in saline) of lymph nodes removed from patients 
in the acute stage of the same disease. 



Approxi- 
mate day 
of illness 

Antigen 

from 

Case 

G 

-*Z CS 

18 

6 

0.4 

' 15 

4 

°-S 

*5 

4 

0.5 

■ 

6 

o -5 

n 

6 

1.0 


Results 


During 1 48-hour observation no rise in tem- 
perature, which was measured every second 
hour. 

During 36-hour observation no rise in tempe- 
rature which was measured every second hour. 

During 36-hour observation no rise in tempe- 
rature which was measured every second hour 
of the day and every third hour of the night. 

During 36-hour observation no rise in tempe- 
rature which was measured every second hour 
of the day and every third of the night. 

During 36-hour observation no rise in tempe- 
rature which was measured every second hour. 
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the inoculation material, in the hope that a possible pathogenic agent 
might perhaps occur in greater concentration in the intensely reac- 
ting lymph nodes. 

Fresh lymph node suspensions from seven cases of infectious 
mononucleosis (1—7) were inoculated into monkeys. The enlarged 
cervical lymph nodes were extirpated under the greatest aseptic 
precautions from patients in the acute febrile stage of the disease. 
The extirpated node was immediately ground in a sterile mortar 
with 4 parts of sterile physiological salt solution and then filtered 
through sterile gauze. The suspension thus obtained was then in- 
jected with as little delay as possible into the monkey in question, 
usually l /> to 2 hours after the extirpation but in one instance 
(Case 2) not until 24 hours later. All suspensions were kept at room 
temperature until the moment they were to be used for the inocu- 
lation. The suspensions of monkey lymph nodes which were tested 
in a number of passage experiments were prepared and stored in 
exactly the same way. 

Simultaneously with the preparation of the different suspensions, 
either a smear was made or a bit of lymph node tissue was mace- 
rated between two cover slips and studied under the microscope 
directly. Staining was done with alkaline methylene blue and accor- 
ding to Gram, Neisskr and Zieiil-Nieesex. In no instance were 
any structures encountered which could be interpreted as micro- 
organisms of bacterial nature. Sterility tests on these lymph node 
suspensions were in all eases negative. 

All these experiments were carried out on Macacus rhesus, Ma- 
cacus cynomolgus or on Ccrcopithecus calitrix. All the monkeys 
received 0.3 — 0.4 cm 3 inlraccrcbrally and 0.5 — 3.0 cm 3 intraperi- 
toneally or subcutaneously in one thigh. The animals were examined 
in regard to the blood picture, the temperature and the presence of 
enlarged lymph nodes before the inoculation and at frequently re- 
peated intervals afterwards. All examinations of the blood picture 
in a specific monkey were made by the same individual, cither the 
writer or one of two assislenls with experience in haematological 
technique. An attempt was made to take the blood specimens as far 
as possible at the same time each morning. In all cases the monkeys 
were autopsied. At autopsy were taken lymph nodes to make the 
lymph node suspension and for microscopic study, as well as pieces 



Monkey 4 Monkey 3 Monkey 2 Monkey 1 

Macac. rhes. Macac. rhes. Macao, rhes. Ccrcopith. calitr. 


The results of these experiments on monkeys may be studied in 
Table 12 which follows. 

TABLE 12. 



Blood counts 


Number 
of white 
blood 
cells 




13000 

9600 

9200 

9500 

9000 

8400 





10300 
12000 
7800 
6800 
6400 
4900 
- 9900 


18800 
14500 
73 00 
7100 
8100 
8200 
6400 
8200 


PoJy- 

morpho- 

nuclears 

% 

Mono- 

nuclears 

% 

38-5 

61.5 

33 

67 

50 

So 

23 

77 

33 

67 

30 

70 

23-5 

76.5 

32 

68 

26 

74 

52.5 

47-5 

5o 

50 

38.5 

58-5 

48 

52 

32.5 

67.5 

3i 

69 

18 

82 

21-5 

78-5 

12.5 

87.5 

32 

6S 

58 

52 

32.5 

67,5 

4'i-S 

58-5 

34-5 

65-5 

18 

82 

23-5 

76.5 

21.5 

78.5 

30 

70 

Si 

49 

44 

56 

32 

68 

22.5 

77-5 

24 

76 

17 

83 

16 

84 

29 

7i 


Remarks 


15/10/3“ : Injection of 0.35 cm 3 of Case I 
lymph node suspension intracerebrally 
and 1.5 cm 3 subcutaneously into right 
thigh. No palpable lymph nodes in 
axillae or inguinal regions until 3/11 
when nodules the size of rice kernels 
were felt in each inguinal region. Dur- 
ing the following days they grew lar- 
ger and 10/11 there were 2 lymph nodes 
in the right and 3 in the left inguinal 
region, the largest being bean-sized. 
Each axilla contained 3 or 4 nodes as 
large as rice kernels. Operation 10/11 
with removal of lymph nodes in right 
inguinal region. No significant rise in 
temperature during observation period. 


10/11/37: Injection of 0.35 cm 3 and 1.5 
cm 3 of Monkey I fresh lymph node sus- 
pension in the right thigh. No palpable 
lymph nodes until 22/11 when some the 
size of rice kernels developed in each 
inguinal region. During the following 
days they grew and 2//11 there were 2 
or 3 bean-sized nodes in each inguinal 
region and some up to half that size 
in the axillae. Operation 29/11. Slight 
fever up to 39.5° C from 22 — 26/11. 


29/11/37: Injection of 0.30 cm 3 of Mon- 
key 2 lymph node suspension intrace- 
rebrally and 2.5 cm 3 in the right thigh. 
Before inoculation the animal had had 
some lymph nodes half the size of rice 
kernels in both inguinal regions and 
the- axillae. No • change. until. 6/12 .when 
all the lymph nodes seemed enlarged. 
Each inguinal region 8/12 contained 3 
or 4 bean-sized-nodes and each axilla 
some half as large. Operation 8/12. 
Slight fever up to 39 . 3 ° C from 5 — 8/12. 


8/12/37 : Injection of 0.4 cm 3 of lymph 
node suspension intracerebrally and 2.0 
cm 3 subcutaneously in the right thigh. 
No palpable lymph nodes until 13/12 
when they could be felt enlarged in 
both axillae and inguinal regions. On 
20/12 there were 4 nodes in the right 
and 3 in the left inguinal region up to 
the size of beans and peas and some 
about half that large in the axillae. 
Operation 2/12. No significant rise in 
temperature. 



























Monkey A. L. 40 Monkey W 1 Monkey 10 Monkey 6 Monkey 5 

Macac, cynomolg. Macac. rhes. Cercopith. calitr. Macac. rhes. Macac. cynomolg. 
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R I o o d counts 


Number Poly- 
of white morpho- . M ° no ‘ 
blood nuclears nuc lears 

cells % % 



Remarks 


Injection of 0.3 cm 3 of Mon- 
key 4 lymph node suspension intracere- 

^Li an ^ 2 c 7 1 ' w 0,6 right thigh. No 
palpable lymph nodes before inocula- 
tion but by 4/12 some half the size of 
nee kernels were felt in both inguinal 
regions. By 31/12 each inguinal region 
and each axilla contained nodes up to 

ttyi/ro Ze [° , f“ s ' Operative removal 
31/1/38 of 2 bean-sized lymph nodes 
irom the right inguinal region. Slight 
fever up to 39.1° C from 28—31/12. 


3/1/38: Injection of 0.3 cm 3 of Mon- 
key 5 lymph node suspension intra- 
cerebrally and 1 cm 3 in the right thigh. 
Before inoculation some palpable lymph 
nodes in both axillae and inguinal re- 
gions but none larger than rice kernels. 
During entire observation period to 28/1 
no enlargement of nodes detected nor 
any fever. 


4/4/38: Injection of 0.3 cm 3 of Case 2 
lymph node suspension intracerebral!}’ 
and 0.8 cm 3 in the right thigh. Before 
inoculation each axilla and inguinal re- 
gion contained I or 2 lymph nodes the 
size of rice kernels. No definite en- 
largement until 21/4. Operative re- 
moval 26/4 of two bean-sized lymph 
nodes from the Tight inguinal region. 
Slight fever up to 39.2° C from 20—26/4. 


26/4/38: Injection of 0.3 cm 3 ot Mon- 
key IV. 1 lymph node suspension, in- 
tracerebrally and 1.5 cm 3 in the right 
thigh. No palpable lymph nodes before 
inoculation but by 5/11 several the size 
of rice kernels in each inguinal region. 
These grew until 19/5 when each ing- 
uinal region and axilla contained 2 or 3 
nodes up to the size of beans. No signi- 
ficant fever. Operation 19/5 and ino- 
culation into a new monkey which 
however did not developed any symp - 1 
toms during one month of observation. 


12/10/38: Injection of 0.3 cm* of Case 4 
lymph node suspension intracerebral!'' 
and 2.0 cm 3 intraperitoneally. No pal- 
pable lymph nodes in axillae or jn 8 UI ' 
nal regions until 19/10 "’hen both 
inguinal regions contained some ot the 
size of rice kernels. These grew and | 
on 22/10 there was one bean-sized node 
in the left inguinal region, two hail 
that size on the right and several the 
size of rice kernels m the left axilla. 
Autopsy 25/10. Slight fever u 
18—25/10. 













Monkey S3 Monkey K. L. X Monkey A. L. 37 Monkey A. L. 58 

Macac. rhes. Cercopith. calitr. Macac. rhes. Macac. cynomolg. 


Date 

B 1 0 

od counts 

Number 
of white 
blood 
cells 

Poly- 
mo rplio- 
nuclears 
% 

Mono- 

nuclears 

% 

25/10 

17700 

37 

63 

Inoculation 



26/10 

24400 

4S.5 

5 i -5 

27/10 

26400 

33-5 

66.5 

28/10 

17100 

29-5 

70.5 

229/ 10 

16300 

I 7-5 

S2.5 

31/10 

15400 

18 . 

S2 

i/u 

17000 

13 j 

S7 

2/ 1 1 

16300 

— 

— 

3/1 1 

15400 

23 

77 

4/1 1 

17400 

30 

70 

3/1 1 

1 2 1 OO 

3 S 

62 

4/n 

1 1500 

37-5 

62,5 

Inoculation 



S/iJt 

12300 

49 

5 1 

7/ 1 1 

12800 

57-5 

42.5 

s/i 1 

12600 

38.5 

61.5 

9/1 1 

12200 

22 

78 

10/1 1 

1 1200 

29 

7 i 

ii/ii 

13100 

55-5 

44-5 

1 2/ 1 1 

14000 

66.5 

33-5 

14/ 1 1 

12400 

67 

33 

i 5 /u 

I I IOO 

48 

52 

Series 

4 



4/4/3 s 

19100 

39 


Tnor.11la.tinn 



5/4 

12400 

23 

77 

S/4 

13200 

40 

60 

10/4 

14000 

36 

64 

12/4 

1S400 

S 3 

47 

14/4 

1G400 

29 

7 i 

17/4 

14700 

35 

65 

21/4 

10600 

26 

74 

24/4 

I 35 00 

29 

7i 

26/4 

14300 

37 

6 3 

Scries 5 



19/12 

12200 

48.5 

5 i -5 

Inoculation 



20/ 12 

15600 

72.5 

17.5 

21/12 

14200 

66.5 

33-5 

22/12 

1 1S00 

39-5 

60.5 

23/12 

9000 

62 

38 

24/12 

15700 

44-5 

55-5 

27/12 

10800 

6 s .5 

34-5 

28/12 

10500 

60 

40 

29/12 

8000 

50.5 

49-5 

30/12 

1 1400 

65-5 

34-5 

31/12 

10500 

66 

34 

2/1 39 

1 1300 

S2.5 

27-5 

3/1 

10800 

33 

67 

4/1 

10000 

57 

43 

7/1 

10400 

61.5 

38.5 

9/1 

10900 

74 

26 

10/ 1 

7200 

58 

42 

u/i 

10300 

40.5 

39-5 

1 2/ 1 

9500 

3i 
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Remarks 


25/10/38: Injection of 0.3 cm 3 of Mon- 
key A. L. 40 lymph node suspen- 
sion intracerebrally and 1.5 cm 3 in- 
traperitoneally. At inoculation each 
inguinal region contained a couple of 
lymph nodes up to the size of rice' 
kernels but the axillae none. On 4/11 
all lymph nodes seemed definitely en- 
larged with some bean-sized in each 
inguinal region and peasized in each 
axilla. Autopsy 4/11. No significant rise 
in temperature. 


4/11/38: Injection of 0.3 cm 3 of Mon- 
key A.L. 58 lymph node suspension 
intracerebrally and 1.5 cm 3 intraperi- 
toneally. No palpable lymph nodes be- 
fore inoculation or until 10/11. By 15/11 
there were three pea-sized nodes in the 
light and two half as large in the 
left inguinal region and one the same 
size in the left axilla. Autopsy 15/12. 
Fever up to 38.8° C from 9 — 15/11. On 
15/11 lymph node suspension from this 
Monkey A.L. 37 was inoculated in- 
tracerebrally (0.3 cm 3 ) and intraperi- 
toncally (0.3 cm 3 ) into Macacus cyno- 
molgus S.S. 2 which however did not 
develop symptoms during 24 days of 
observation. 


4/4/38: Injection of 0.3 cm 3 of Case 3 
lymph node suspension intracerebrally 
and 0.8 cm 3 subcutaneously in the right 
thigh. Before injection there were a 
couple of palpable nodes half the size 
of rice kernels in each inguinal region. 
On 21/4 definitely enlarged nodes were 
palpated, one bean-sized in each ingui- 
nal region and one half that size in each 
axilla. Autopsy 2G/4. No significant 
rise in temperature during the time 
of observation. On 26/4 lymph node 
suspension from this monkey K.L. I 
was inoculated intracerebrally (0.3 
cm 3 ) and intraperitoneally (2.0 cm 1 ) 
into Monkey W. 2 which however did 
not develop any symptoms during one 
month of observation. 


19/12/38: Injection of 0.4 cm 3 of Case 7 
lymph node suspension intraccrebrally 
and 3.0 cm 3 intraperitoneally. Before 
inoculation each inguinal region con- 
tained one lymph node the size of a 
rice kernel. From 27 — 31/12 there was a 
slight rise in temperature (about 1° C) 
and 31/12 it seemed as if the inguinal 
and axillary glands were enlarged. On 
4/1 the inguinal regions contained some 
nodes up to the size of beans and in 
the axillae were some nodes as large 
as peas. AutopSy 12/1. No passage 
attempted in this case. 
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Blood counts 


P 

mo 


Remarks 


Series 6 
16/12/38) 26900 

Inoculation 

17/12 36900 

. 19/12 25500 

$ S 20/12 27200 

^•5 21/12 • 25000 

j3 d 22/12 20500 

g g 23/12 22000 

g | 24/12 18900 

^ 27/12 23200 

28/12 20900 

29/12 23600 

30/12 24700 

31/12 21600 



16/12/38: Injection of 0.4 cm 3 of Case 6 
lymph node suspension intra.cerebrally 
and 5.0 cm J intraperitoneally. Before 
inoculation and until 28/12 no palpable 
lymph nodes. On 28/12 nodes the siic 
of rice kernels in each inguinal region 
and one pea-sized node in the right 
axilla. The lymph nodes then grew until 
autopsy 31/12 when one bean-sized node 
and two up to the size of rice kernels 
were found in each inguinal region. 
The axillae contained none but there 
were two small presacral nodes. Before 
inoculation the temperature was 38.3 
C. On 19/12 it began to rise reaching 
39.6° C the next day. On 24/12 it fell 
but then rose gradually until the day 
of the autopsy. On 31/12 lymph node 
suspension from this monkey 82 was 
inoculated ■ into ' Macacos rhesus " 
which however did not develop any 
symptoms during one month of ob-. | 
servation. - 


$8 sestfJ* sris 

and 4 O' cm 3 ntraperitoneally. tseiore 

regions a few half t an( j 

These then increased m size a 

»/“ th f? ho ’ n e S the inguinal regions 
sized andthose in tn 6 tem perature 
bean-sized On lb /12 , having | 

gradually began t^ gs Jh t 

been around Autopsy the 

perature w as 3 
same day. 


• ft a rni 5 of inon * 
23/12/38: -uspenskm intrace- 

key 81 lymphnodesii.^^^erjtopeaUy. 

rebrally and 3.0 cm tno cu* 

No palpable nodes before s ; z c 

lation. On 2/1 B^ds *M° £ tad , 
of beans could be P“ ‘ to the stz e of 
inguinal region and up to These en 
rice kernels m eac }‘ .persisted until 
larged lymph ^^ight fever 
autopsy 12/1. incj temperature 

0.5 to 1.0 . C above ^ 2 8/12 t0 the 
before the *"° c “’ at N o further pass 3 S e 
day of* autopsy* 

.was tried. 
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of the organs for microscopic examination and a specimen of blood 
for testing the presence of hetero-agglutinins according to Bunnell 
& Paul. Blood was not taken before the inoculation because it 
seemed unwise to risk cardiac puncture in view of the difficulty of 
obtaining experimental animals. 

The results of the experiments described in Tabelle 12 above may 
be summarized as follows. 

Clinical data. 

Series 1. About 18 days after inoculation with lymph node mate- 
rial from Case I, Monkey 1 developed enlarged lymph nodes in the 
axillae and inguinal regions as well as possibly a slight increase in 
the relative occurrence of mononuclear cells in the blood. On the 
25th day a lymph node suspension was passed to Monkey 2 which 
after about 14 days developed generalized enlargement of the lymph 
nodes, a slight rise in temperature and an increase in the number of 
mononuclears in the blood. On the 19th day a lymphoma suspension 
from Monkey 2 was inoculated into Monkey 3 which after about 
10 days also developed enlarged lymph nodes, a slightly elevated 
temperature and an increase in the number of mononuclear cells 
in the blood. Passage from Monkey 3 to Monkey 4 done on the 
10th day and from Monkey 4 to Monkey 5 on the 12th day after 
the inoculation gave identical results after about the same length 
of time. On the 15th day after inoculation, a lymphoma was extir- 
pated from Monkey 5 and a suspension of it prepared in the usual 
way was injected into Monkey 6. In the latter animal however 
during a four-weeks period of observation there was never observed 
any lymph node enlargement, temperature elevation or alteration in 
the blood picture. 

Series 2: About 17 days after inoculation with lymph node mate- 
rial from Case 2, Monkey 10 developed enlarged lymph nodes in 
the axilla; and inguinal regions, a slight elevation in temperature 
and an uncertain, slight increase in the number of mononuclear cells 
in the blood. On the 22nd day after the inoculation, passage of 
lymphoma suspension was carried out to Monkey W. 1 which after 
about 2 weeks presented enlarged lymph nodes in the axilla; and 
inguinal regions, probably a slight increase in the number of mono- 
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nuclear cells in the blood but no elevation in temperature. On the 
23rd day after the inoculation passage was done from Monkey W. 1 
to a new monkey which however during a .month of observation 
presented no evidence of lymph node enlargement, alteration in the 
blood picture or elevation in temperature. 

Series 3; About 10 — 12 days after the inoculation with lymph 
node material from Case 4, Monkey A. L. 40 developed lymph node 
enlargements, a slight increase in the number of mononuclear cells in 
the blood and possibly a slight rise in temperature. On the 14th day 
passage was done with lymph node suspension from this animal to 
Monkey A. L. 58 which after 8 to 10 days presented apparently cer- 
tain lymph node enlargements, an increase in the number of the 
mononuclear cells in the blood but no elevation in temperature. On 
passage to Monkey A. L. 37 from Monkey A. L. 58 on the 10th 
day after inoculation, the former animal developed on the 6th day 
a rise in temperature and a few days later lymph node enlargement 
and a transient increase in the number of mononuclear cells in the 
blood. Passage on the 10th day from Monkey A. L. 37 to a new 
monkey gave negative results. During an observation period of 24 
days there was no change in the lymph node status, the blood pic- 
ture or the temperature. 

Scries 4: About 10 — 15 daj r s after the inoculation of lymph node 
material from Case 3, Monkey K. L. I developed enlarged lymph 
nodes which persisted until the passage experiment on the 22nd day. 
No change in the blood picture or temperature could be observed 
in this monkey. On the 22nd day, passage with lymphoma suspen- 
sion to another monkey gave negative results. During one month 
of observation the latter monkey showed no lymph node enlarge- 
ment, no change in the blood picture nor any elevation in tempera- 
ture. 

Series 5: About 12 to 15 days after inoculation with lymph node 
material from Case 7, Monkey 83 developed possibly slight enlarge- 
ment of lymph nodes in the axillae- and inguinal regions, perhaps a 
slight elevation in temperature but no change in the blood picture. 
Further passage was not attempted in this case. 

Scries 6: About 13 days after inoculation with lymph node mate- 
rial from Case 6, Monkey 82 presented slight general lymph node 
enlargement and soon after a slight rise in temperature. No change 
in the blood picture could be observed. Passage was carried out on 
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the 16th day to Monkey 85 which during one month of observation 
did not show lymph node enlargements, changes in the blood pic- 
ture or an elevation in temperature. 

Series j: About 9 days after inoculation with lymph node mate- 
rial from Case 5, Monkey 81 showed slight but apparently certain 
lymph node enlargement which increased during the following days. 
At the same time there was a slight elevation of the temperature but 
no change in the blood picture. On the 18th day passage was done 
to Monkey 84 which after 9 or 10 days seemed to have definitely 
enlarged inguinal and axillary lymph nodes and possibly a slight 
elevation in temperature but no change whatsoever in the blood 
picture. Further passage was not undertaken. 

Serum for the Bunnell & Paul reaction was obtained at autopsy 
on seven of the monkeys. The following sheep erythrocyte titers 
were then obtained: Monkey A. L. 40 1/16, A. L. 58 1/32, A. L. 
3 7 1/32, No. 81 1/128, No. 84 1/64, No. 82 1/128, No. 83 1/128. 
As a control the serum was examined from 8 monkeys who had 
been sacrificed after the} r had given negative results to injections 
of water suspected of containing poliomyelitis virus. These controls 
gave the following hetero-agglutinin titers: o, o, o, o, 1/16, 1/64, 
O, o. 

Pathological data and microscopy. 

At autopsy on the inoculated monkeys the internal organs showed 
in no case any clearly observable gross lesions. In no case were the 
liver or spleen definitely enlarged. The consistency and cut surface 
were normal although in one case the cut surface of the spleen could 
possibly be described as somewhat more spongy than usual. In no 
case were abscesses or other evidence of septicemic infection en- 
countered as after inoculation with B. Nyfeldt. The picture of a 
pseudotuberculosis such as that described by Bland in connection 
with inoculation with Toxoplasma cuniculi was not observed in any 
case. The only macroscopic changes were the lymph node enlarge- 
ments in the axillre and inguinal regions and in a few cases (Mon- 
keys 1, 2, A. L. 58) in the praesacral region. The bronchial and 
mesenteric lymph nodes seemed in all cases to be of normal size. 
The lymph nodes along the sternocleidomastoid were seldom as ob- 
viously enlarged as those in the inguinal regions and axillre. 
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The brain as well as the axillary or inguinal lymph nodes or both 
were preserved in every case. 

The preserved brains showed neither gross nor microscopic evi- 
dence of meningitis or encephalitis. Microscopic examination. was 
done on the brains from Monkeys A. L. 58, A. L. 37 and numbers 
Si, 82, S3 and 84. 

T'he preserved lymph nodes all presented macroscopically a light 
grayish-red, bulging cut surface of about the same appearance as in 
man. The lymph nodes were soft, without periadenitic adhesions and 
up to the size of brown beans. 

Microscopic examination of sections from these formalin-fixed 
lymph nodes (1) stained by the usual methods and (2) . unstained 
and photographed in ultraviolet light at the nuclei cacid absorption 
maximum (2570 A) revealed the following. 

Sections of lymph nodes from Monkeys 1 — 5 (Series 1) all 
showed a microscopic picture closely similar to that in human lymph 
nodes in infectious mononucleosis. There was the same peculiar dif- 
fuse pleomorphous large-celled hyperplasia with more or less dis- 
appearance of follicles. Most pronounced were the changes in sec- 
tions from Monkeys 2 and 3 (Figures 5 and 6). These alterations 
were least distinct in sections from Monkey 5. Sections from lymph 
nodes from Monkey W. 1 (Series 2, Figure 7) and from Monkey 
A. L. 40, 5S and 37 (Series 3) also all showed the same micro- 
scopic ' picture with more or less obliteration of . the lymph node, 
structure and large-celled hyperplasia with mononuclear cells present 
in profusion (Figures 7 and S). In the sections from Monkey A. L. 
37 the changes were less pronounced than in those from Monkey 
A. L. 40 and 58. Pcrilymphadenilis was not observed. 

Sections of lymph nodes from the monkeys which after inocula- 
tion of lymph node material did not show any clinical changes in 
the blood but nevertheless did develop enlarged lymph nodes some- 
times presented a picture similar to that described in the proceeding 
paragraph although the changes in these cases were considerably 
less pronounced. The alterations in these cases could best be de- 
scribed as a slight general hyperplasia, occasionally -with isolated 
foci of a large type of cell. The picture however was not polymor- 
phous in the same way and the general lymph node architecture was 
retained in all of these cases. Mononuclear cells occurred rather 




I-'ivr. 5. Section from inguinal lymph node of Monkey 2 after inoculation 
with lymph node suspension from Monkey 1 which had been injected with 
lymph node suspension from an infectious mononucleosis patient. Compare 
I'iu. 1. 1 a. Haematoxylin-eosin. Photomicrograph * ho. 







lug. 7 - Section Irom inguinal lymph node of Monkey \V i after inoculation 
with l\mph node suspension from Monkey to wlticli had hccu injected with 
iwnph node suspension from an infection* mononucleosis patient. Haema- 
t> xolin-eoMii. Photomicrograph * tooo. 
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Fig. 8. Section from inguinal lymph node of Monkey A. I- a< 
after inoculation with lymph node suspension Irom Monkey A. i- -1° 
which had been injected with lymph node suspension irom an 
infectious mononucleosis patient. I'ormol- fixed unstained section. 

Photomicrograph at 2570 A, x upo- 
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profusely in a number of sections of Monkeys 81 och 82, in the 
latter of which plasma cells were prominent. - ... 

In no case were there encountered in the sections any . structures 
which could be interpreted as microorganisms of bacterial nature. 
Aerobic and anaerobic cultures from suspensions of extirpated 
fymphomas on current substrates (ordinary bouillon of pH 7.3, 
glucose, ascites and liver bouillon, ascites and blood agar plates) all 
gave negative results. 

Sections from lymph nodes from six healthy monkeys which were 
examined as controls showed only the picture of normal lymphatic 
tissue with well retained structure and nowhere the large-celled 
polymorphous hyperplasia described above. 


c) Attempts to transmit the disease 

t 0 in a 11. 

The experiments on rabbits and monkeys described in the pre- 
cedinsr seem to show that neither of these animals is suited for 
testing out the possible pathogenic agent of infectious mononucle- 
osis. The rabbit appears unsuitable not merely in view of the nega- 
tive results of the inoculation experiments but also because this 
animal seems to present such a pronouncedly labile blood picture 
and a normal mononuclear differential count which apparently can 
be accentuated by different causes. It would appear as if the 
results of the experiments with Macacus and Ccrcopithecus mon- 
keys are not sufficiently constant even if they were conceded to 
be probably successful transmissions of the disease and therefore 
these animals cannot be regarded as sufficiently susceptible to the 
malady that they can be recommended as experimental subjects; 
In consideration of the above, experimental attempts to transfer 
infectious mononucleosis to man seemed desirable, as well as 
warranted, in view of the benign character of the disease. 

As experimental subjects were chosen medical students who 
volunteered for the purpose. The requirements drawn up in regard 
to the health of these volunteers were as follows : Only those were 
accepted who had previously been in excellent health, who on the 
occasion of the examination presented no lymph node enlargements 
or other disease symptoms, who had a. normal blood status, a nor- 
mal sedimentation reaction, negative Wassermann and negative 
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TABLE 13 


Case 
Age and 
Bunnell & 
Paul test 

Inoculation method and 
quantity 

Results 

F— n, N. 0 . 
24 years 

B-P (1:16) 

2 cm 3 suspension of Case 
subcutaneously into left thigh 
In addition the tonsils were 
painted with suspension. 

Neither locally, regionally nor else- 
where did the lymph nodes show any 
reaction during the observation period. 

1 he blood picture also remained com- 
pletely unaltered the whole time. There 
was no rise in temperature. 

1 

H— 1 / G. 

26 years 

B-P (1 ; 16) 

4.0 cm 3 suspension of Case 6 
subcutaneously in left supra- 
clavicular fossa plus painting 
of tonsils. 

There were no clinical symptoms what- 
ever or any change in the blood pic- 
ture during 4 weeks of observation. 

V— s, S. 

21 years 

B-P (1 : 16) 

4.0 cm 3 suspension of Case 4 
subcutaneously in left supra- 
clavicular fossa plus painting 
of tonsils. 

The day after inoculation there was a 
slight increase in the total number o( 
white blood cells (from 5,000 to 10,900) 
with an increase in the polymorphonuc- 
iears. Three days later the blood pic- 
ture was the same as before. There 
was no increase in the number of 
lymphocytes during the observation pe- 
riod. The temperature remained normal 
and there was no enlargement of lymph 
nodes. 

F— k, A. 

24 years 

B-P (1 : 16) 

After being stored frozen for IS 
days the suspension from Case 
4 was melted and 1 cm 3 injected 
subcutaneously into the left 
thigh anteriorly just below the 
inguinal ligament. In addition 
the tonsils were rubbed with 
tiie suspension and drops of it 
were inserted in each nostril. 

During the period of observation there 
were no symptoms whatever either 
locally or in the form of enlarged lymph 
nodes or fever. The blood picture re- 
mained unaltered the whole time. 

H— t, 0 . 

24 years 

B-P (1:64) 

2.0 cm 3 suspension of Case 3 
injected subcutaneously into 
left thigh. In addition 0.5 cm 3 
was inserted in the nostril. 

Small lymph nodes the size of rice 
kernals palpable in both inguinal re- 
gions before the inoculation seemed 
after a few days to be somewhat lar- 
ger. On the 9th day there was one 
lymph node in the left inguinal region 
half the size of a brown bean. Die 
blood picture the first 10 days showed 
a slight increase in white cells (from 
6—7,000 to 10 - 11 , 000 ) with possibly a 

certain increase in the mononuclears 
(from 26 % to 43 % in the 9th day with 
a decrease from then on). There was no 
rise in temperature and there were on 
other enlarged nodes. 

B — m, I.-L. 

26 years 

B-P (0 agg- 
lut.) 

Suspension from Case 24 was 
diluted 1:10 with physiological 
saline and filtered through 
Chamberlain L 3. 2 cm 3 were 
injected intravenously, 2 cm 3 
submucously in one tonsil and 
about I cm 3 was sprayed into 
the nose. 

There were no clinical symptoms what- 
ever or any changes in the blood pic- 
ture during the month of observation. 
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flocculation reactions and a hetero-agglutinin titer less than i : 64 
(actual dilution), according to Bunnell & Paul. 

Six such volunteers were inoculated with freshly prepared lymph 
node suspension from four cases of infectious mononucleosis. The 
suspension had been made up as described on page 40 and sterility 
tests on common substrates were in all cases negative. After the 
inoculation the volunteers were carefully followed for three or 
four weeks in clinical respects as well as in regard to the blood 
picture. Table 13 summarizes the six experiments. 

As Table 13 shows, no clinical or significant haematological 
changes arose in any of these 6 cases in connection with the in- 
oculation. 

In two cases volunteers were inoculated intravenously with 100 
and 180 cm", respectively, of heparin plasma obtained from Case 24 
and Case 25, respectively, and filtered through a Chamberlain L 3. 
In three other cases the volunteers were given 100, 250 and 350 
cm 3 , respectively, of heparinized whole blood from Cases 13, 23 
and 26, respectively. In the first three cases mentioned, as well 
as the last case, nothing occurred during the 4 weeks of observa- 
tion. 

In the volunteer inoculated with blood from Case 23, however, 
the result was different. After an incubation period of about two 
weeks this individual developed the picture of a clinically-', haemato- 
logically, serologically and pathologically typical infectious mono- 
nucleosis. An account of this case follows. 

On February 22nd 1941, 250 cm 3 of heparinized venous blood 
from the clinically typical Case 23 (see case reports page 74) were 
transmitted to a healthy woman medical student K. U., 23 years 
of age, and of the blood group O. (The donor belonged to blood 
group O and her rectal temperature immediately before transfusion 
was 38.9° C). The subject of the experiment had' on the whole 
always enjoyed good health and had never suffered from swollen 
lymph nodes. The blood count before the transfusion was normal 
(Table 14). The sedimentation rate was 6 mm/i hr. The Bunnell 
& Paul test before transfusion gave no agglutination. The Was- 
sermann, M. B. R. II and Kahn tests were negative. 

The result of the experiment may be seen in Table 14 and can 
be summarized as follows. From and including the fifth day after 
the transfusion, blood smears from the subject showed an increas- 


52 




53 


ing number of pathological lymphocytes without the occurrence of 
any other clinical symptoms until the eighteenth day when, in- 
creasing sore throat and a general malaise set in. On the twentieth 
daj' a rapidly developing relative lymphocytosis appeared and on 
the twenty-eighth day after the transfusion the .blood picture 
showed 74 % mononuclear cells, including a large number of 
characteristic pathological lymphocytic elements (Table 14 and Fi- 
gures 9 and 10). Concurrently the clinical picture had taken a 
typical course. The throat trouble increased while the tonsils be- 
came extremely tender and intensely inflamed and showed necrotic 
foci up to the size of beans. The patient had considerably diffi- 
culty in swallowing as well as a pronounced feeling of general 
malaise and fever. Palpation along the sternocleidomastoid muscles 
revealed a number of soft, slightly tender lymph nodes, some of 
which were as large as beans. Tender inflamed nodes that had not 
previously been observed were also found in the axillae and 
inguinal regions. After the lapse of one week and on about the 
thirty-fifth day after tire transfusion, both the subjective and ob- 
jective symptoms began to decrease rapidly. The swollen lymph 
nodes became nonsensitive and smaller. They were however still 
detectable when the subject was examined for control purposes 
three and twelve respective months later, on which occasions the 
blood count also still revealed distinct changes with 52 and 47 % 
respectively of mononuclear cells as well as pathological lympho- 

MOHOMCtfMs p;g g Percentage of mononuclear cells in the 
A blood of experimental subject K. U. after re- 

ceiving 250 cc heparinized infectious mononu- 
23 cleosis blood by transfusion from Case 23. 
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TABLE 15 

The Davldsohn Differential Test for Infectious Mononucleosis in 
Experimental Subject IC. U. 


Serum 

Agglutination in final dilution- ! 

1:7 

x : 14 

x : 28 

1:56 

1 : ii2 

Experimental subject K.U. (15/3/41) 
Untreated serum 


+-f 

++ 

+ 


Serum, absorbed with guinea-pig 
kidney 

++ 

++ 

+ 

± 


Scrum, absorbed with beef erythro- 
cytes 






Experimental subject K.U. (20/2/42) 
Untreated scrum 

+ 

± 




Serum, absorbed with guinea-pig 
kidney 

+ 


_ 

. 


Scrum, absorbed with beef erythro- 
cytes 

— . 

— 







cytes with curiously shaped nuclei. In the donor (lie tests for sheep 
red cell agglutinins had reached a titer of 1 : 128 according to 
Bunnell & Paul. The same tests on the experimental subject 
before the transfusion and on the fourteenth day showed no agg- 
lutination and on the twentieth and twenty-seventh days a titer 
of 1 : 32. Thus neither donor nor experimental subject showed any 
very’- high hetero-agglutinin titer. In both however the titer rose 
during the course of the infection and moreover with the serum of 
experimental subject IC U. (Case 23 not tested) the Davidsohn 
differential reaction was positive. (Table 15 below). 

Sections were made of a lymph node excised from experimental 
subject IC U. on the sixtieth day after transfusion. The sections 
show marked reticulo-endothelial reaction with considerable hyper- 
plasia and proliferation of the sinus endothelium. Among these 
arc isolated lymphocytes and plasma cells as well as a not insignifi- 
cant number of large mononuclear elements with nuclei not parti 
cularly rich in chromatin and in some instances kidney-shaped, 
probably’ constituting monocytes. There are also sparse numbers of 
polymorphonuclear leucocytes and an occasional eosinophil. In 
a number of follicles are seen well developed germinal centers. The 
lymph node is surrounded by a slightly thickened connective tissue 
capsule and even in the center of the node there is a good deal 
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of somewhat fibrous connective tissue. In the latter are sparse 
numbers of lymphocytes and occasional neutrophilic leucocytes. 
The histological picture corresponds well with that characteristic 
of the acute stage of infectious mononucleosis (A. Lindgren). 
The microphotographs of unstained sections at the absorp- 
tion maximum of nucleic acid in ultraviolet light also show a micro- 
scopic picture indistinguishable from the fairly characteristic 
appearance of infectious mononucleosis nodes with the presence 
of a curious large-celled irregular hyperplasia (Figure 13). 

Thus ;n this experimental subject, intravenously inoculated with 
heparinized blood from a case of infectious mononucleosis in the 
acute stage of the disease, there developed after an incubation 
period of eighteen days a clinical, haematological, serological and 
pathological disease picture indistinguishable from that of a typical 
case of infectious mononucleosis. 


3. Microscopic examination of the human 

biopsy material. 

Microscopic examination of biopsy material was done in 16 
cases. In all of them (Cases I — 7, 13, 18, 20 — 24, 26 — 2 7) an en- 
larged lymph node was extirpated and in Cases 23, 24 and 25 a 
piece of tonsillar tissue was also removed. In Case 21 the extirpated 
lymph node was from the inguinal region but all the other biopsied 
nodes were from the cervical area. .The nodes were excised from 
the 6th to the 18th day of the disease, that is during the still acute 
stage. (Table 1). All the lymph nodes presented a typical gross and 
microscopic appearance. 

Grossly all of them were about as large as -beans to hazel nuts, 
grayish-red in colour and strikingly soft in consistency with no in- 
flammatory reaction in the surrounding tissues. The cut surface 
was spongy and bulging, finely granular and grayish-red in colour. 

Microscopically all the nodes revealed the characteristic if not 
typical picture described by Sprunt & Evans, Longcope, Bald- 
ridge, Rohner & Hansma.nn, Pratt, Downey & Stasney and 
others. ■ : 

The most characteristic feature perhaps is the extraordinary 
variety or irregularity in the microscopic picture in these lymph 
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nodes/The general architecture of the nodes is usually more or less 
lost (Fig. 14). It is. replaced by a peculiar large-celled hyperplasia 
which often shows striking resemblance 'to the picture in Hodg- 
kin s disease, as has been pointed out by Sprunt & Evans, Long- 
cope, Baldridge and collaborators and others. Occasionally there 
is punctate accumulation of lymphocytes which may sometimes 
resemble the picture in lymphatic leukemia. The general hyper- 
plasia seems to be dominated by a proliferation of the reticulo- 
endothelial elements, especially in the region of the' sinuses. The 
picture is that of' a tissue composed predominantly of islands or 
strands of large clear cells with large irregular vesicular nuclei 
poor in chromatin. In addition there are large mononuclear 
cells with peculiar nuclei resembling the pathological lympho- 
cytes in the blood. The blood and lymphatic vessels may be 
packed almost exclusively with large or small mononuclear cells. 
In preparations stained to demonstrate plasma cells there may be 
encountered numerous large, and small cells with reddish granular 
protoplasm and rather deeply stained round nuclei. The smaller 
of these cells often show a definite “Radkern” nucleus. In some 
preparations the frequent occurrence of mitoses is striking. In none 
of the sections were any certain giant cells with more than two 
nuclei encountered. In Giemsa and toluidin blue 1 preparations 
there were mast cells along the capillary and vascular walls. Poly- 
morphonuclear neutrophiles and eosinophiles occurred very spar- 
sely. 

Microscopic examination, of sections from the tonsils in Case 24 
(Fig. 15) revealed a picture similar to that described above. In 
Cases 23 and 24 there were only non-specific inflammatory changes 
with a profusion of lymphocytic elements. , 

• In no cases were, any bacteria 'found in direct smears of the 
lymph node suspension or in bits of lymph node pressed between 
cover slips and stained with methylene blue according to Neisser, 
Gram or Ziehl-Nielsen. -Neither were any bacteria encountered 
in sections stained according- to. Gram or Gjemsa. 

In direct smears of lymph node material and also in Giemsa 


1 Ehrlich "Mastzellen” are stained by Holmgren and Wilander as follov.j • 
Fixation in 10 % formalin. Embedding as usual in paraffin. Staining tor 
hour in 1 % toluidin blue in 70 % alcohol. The deep reddish-vio e ° 
heparin granules in the mast cells forms a 
wise blue-tinged tissues. 
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Fig. to. Pathological lympocvtes in the blood of experimental 
subject K. U. the 30th clay after transfusion of infectious 
mononucleosis blood. Giemsa. Photomicrograph * 1200. 



Fig. 11. Section from inguinal lymph node of experimental 
subject K. U. the both day after transfusion of infectious 
mononucleosis blood. Haematoxylin-eosin. Photomicgrograph 






Fig. 14 a and h. Sections from human cervical lymph nodes showing typical 
picture in infectious mononucleosis. Complete obliteration bf the normal fol- 
licular architecture. Diffuse pleomorphic hyperplasia. Haematoxvlin'-cosin. 
Photomicrographs, a * 60 (Case 13) b * 3S0 (Case 4). 




I'ig. 15. Section from human tonsil in infectious mononucleosis (Case 24), 
Haematoxylin-cosin. Photomicrograph x goo. 



Fig. 16. Cervical lymph node from Case 23 with infectious 
mononucleosis. Formol-fixed unstained section. Photomicro- 
graph at 2570 A, x 1220. 
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17. Xonna! human lymph nude. Unfixed unstained smear. Pboto- 
micrograph at 2570 A, x into. 
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1 ’iir. tSaaudh. Cervical lymph tunic t’rom Case 24 with infec- 
tious mononucleosis. In the center of both picture*' are large 
cells with cytoplasm showing very marked ultraviolet absorp- 
tion indicative of massive presence of cytoplasmic nucleic acids. 
Unfixed, unstained fresh smear. Photomicrographs at 2570 A, 

x 1220. 



Fig. 19. Cervical lymph node 
from Case 24 with infectious 
mononucleosis. Large cell with 
giant nucleolus surrounded by 
chromatin. Irregularities- in the 
markedly ultraviolet absorbing cy- 
toplasm. Unfixed, unstained fresh 
smear. Photomicrograph at 2570 
A, x 1220. 



Fig. 20. Cervical lymph node from 
Case 24 with infectious mononuc- 
leosis. In the center of the pic- 
ture is a large cell with pronounc- 
ed derangement of the nucleo- 
lus mechanism. Irregular distri- 
bution of nucleotides in the cyto- 
plasm with granular foci showing 
strikingly slight ultraviolet ab- 
sorption, surrounded by a halo of 
marked such. Unfixed unstained 
fresli smear. Photomicrograph at 
2570 A, x 1220. 




Fig. 21 a and b. Cervical lymph node from case 24 with infectious mon 
cleosis. In the center of both pictures are large cells with marked } 11 
violet-absorbing cytoplasm. In the cytoplasm are granular foci shoving espe 
dally intensive absorption and surrounded by halo-like zones of remar 'a >} 
little such. Considerable accumulaion of nucleotides close to the nuc eo u . 

Unfixed unstained fresh smears. Photomicrographs at 257° -A x 1 ~ 20 - 
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Fig. 24. Cervical lymph node from Case 27 with in- 
fectious mononucleosis. Several large cells with gra- 
nular foci in the cytoplasm. In the large cell toward 
the center of the upper border of the picture there 
are punctate foci showing intense ultraviolet absorp- 
tion surrounded by a halo with little absorption. Un- 
fixed unstained fresh smear. Photomicrograph at 
2570 A, x 2440. 






Fig. 25 a and b. Cervical lymph node from Case 27 with infectious mononu- 
cleosis. Large cells with granular irregularities in the intensely ultraviolet- 
absorbing cytoplasm. The contours of the nuclear membranes are outstanding 
due to the accumulation of nucleotides close to them. Unfixed unstained fresh 
smear. Photomicrograph at 2570 A, * 2440. 
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stained sections a number of preparations seemed to reveal puncti- 
form, predominantly intracellular, granular structures of uniform 
size, when high magnification (1400 — 1600 x) was used. For this 
reason attempts were made to stain with Victoria blue 4 R con- 
centrated (Grubler-Holborn) according to FIerzberg. In order 
to localize any possible granules to certain cell types it seemed de- 
sirable to use thin sections. As the literature contained no descrip- 
tion of how to stain tissue sections with Victoria blue, an attempt 
was made according to Potter’s modification of the Weigert neu- 
roglia stain. 1 

Sections suitably stained according to this technique showed 
moderately deep staining of the nuclei and a pale 'bluish proto- 
plasm. The heparin granules of the Eiirlich “Mastzellcn” assumed 
a dark violet metachromatic tone. In preparations from a number 
of lymph nodes some of the large cells presented small violet granules 
sometimes surrounded by a lighter halo. As however heparin obvious- 
ly to some extent gives metachromasia with Victoria blue, also de- 
monstrated in experiments in vitro, the structures observed with 
this technique could not with certainty be differentiated from 
heparin granules. The sections presented otherwise only the picture 
seen in haematoxylin-eosin sections. In no preparations were there 
observed any morphological structures which could be interpreted 
as microorganisms of bacterial nature. 

Ultraviolet light photography for the -stud)' of viruses seems to 
have been used since 1922 — 23 when Frosch appears to have been 
the first to use this method in a study on the bovine pleuro-pneu- 
monia virus.’ He used the technique described by Kohler with the 
2750 A line of cadmium as his light source. Barnard, who has 
made the most notable contributions in this field also generally 
used / = 2750 A, but recently he has reported having obtained very 
promising results with X = 2530 A (Elford). Viruses and bac- 
teria, however, like all living organisms engaged in rapid re- 

1 ScHMORL-GEim.. Die pathologisch-histologischen Untcrsuchungsmetho- 
den, C. W. Vogel, Berlin, 16th Edition, 1934, page 298. Fixation in 5—10 % 
fornio 1 and embedding in paraffin. Staining in concentrated aqueous solution 
of \ ictona blue 4 R* concentrated (Grubler-Holborn) for 72 hours. The 
sections are dried cautiously with a filter paper tnoistcred in Lugol’s solu- 
tion to which they are transferred for a second. After drying with finely 
granular, moist filter paper, differentiation is carried out in aniline-xylol 1 :5. 
The differentiation is controlled under a microscope and stopped when the 
desired intensity lias been attained. Caruful washing in xylol and mounting 
w neutral Canada balsam. 
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production are characterized by their high content of nuclei 
acids (CAsrERssoN). The nucleic acids which to no less than one- 
third of their molecular weight consist of purine and p3 r rimidine 
bases present, due to the pyrimidine ring, a strikingly intensive 
selective absorption of ultraviolet rays around 2600 AE (Soret, 
Hartley, Dhere, Marchlewski, Heyrotii & Loofbourow, 
Caspersson, all cited by Caspersson). Thus the taking, of micro- 
photographs at the nucleic-acid absorption maximum in the ultra- 
violet would seem to provide not merely the possibility of further 
analysis of even unstained tissues and therefore of tissues un- 
affected by chemical agents but also of course the attainment of the 
somewhat more than doubled power of resolution in microscopy 
which the use of the short wave light implies. Barnard (1937) in 
a comparative study of the viruses of foot-and-mouth disease and 
visicular stomatitis in an extensive series of ultraviolet photographs 
used l = 2570 A (Elford). Ultraviolet light photography seems 
hitherto not to have been used in the study of infectious mono- 
nucleosis. 

Therefore in a number of cases microphotographs were made 
of unstained fymph node tissue at the nucleic-acid absorption 
maximum in the ultraviolet using the technique which Caspersson 
has worked out on the basis of Kohler’s procedure. A detailed 
description of this method is to be found in Caspersson’s original 
papers to which the interested reader is referred. The procedure 
is based on access to a microscopic apparatus of exceedingly high 
quality where all the optical systems involved are made of molten 
quartz. The source of light is a spark between rotating electrodes 
in the form Kohler has devised for his ultraviolet microscope. 

All microphotographs in ultraviolet light in the present study 
were taken at the nucleic-acid absorption maximum in monochro- 
matic light of wave length 2570 A. In Cases 1 — 7 anc ^ 2 3 > a ^° ut 
five a thick sections of formol-fixed paraffin-embedded lymph 
nodes were examined. In Cases 21 and 22 sections of lymph nodes 
treated according to the Gersh freezing-drying method were 
studied. In Cases 24, 26 and 27 fresh smear preparations were 
examined in direct connection with the extirpation of the respective 
lymph nodes. 

The microphotographs obtained present consistent pictures. 
Detailed analysis of the finest cytological structures turned out to 
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be possible only in preparations from Cases 24, 26 and 27 "> 

-Jte photographs had been taken in immediate connection with the 
Ivmph node extirpation and with a short exposure of smears ma c 
by as gentle technique as possible. Pictures obtained in the latter 
way may most certainly with justification be said to reveal the habi- 
tus of the living tissue. 

The microphotographs show, besides masses of lympheytes and 
plasma cells, the previously mentioned numerous large cells of 
varying diameter. These latter cells exhibit for the most part vciy 
intensely absorbing cytoplasm (at 2570 A) indicative of the pre- 
sence of large quantities of cytoplasmic nucleic acids (Figures 18 
— 25). The nuclear membranes often seem to stand out due to the 
assemblage of nucleotides close to thcm( Figure 19, 21, 22, 25). 
The nucleoli are often strikingly large and irregular and sur- 
rounded by irregular zones of chromatin (Figures 19 and 
21 a). There is frequently marked disarrangement of the 
nucleolus mechanism (Figure 20). Moreover the numerous large 
cells show almost constantly striking irregularities in the cyto- 
plasm which often contains puncliform foci with intense ultra- 
violet absorption and surrounded by a narrow lighter halo 
(Figures 21 and 24). In other cases there are granular foci 
with extremely little ultraviolet absorption, and showing an intense 
contrast to a halo-like zone of deep absorption (Figures 20, 22, 23). 


In no preparation was it possible to observe any structures which 
could be interpreted as microorganisms of bacterial nature. 

The above-described changes were found in all the examined 
lymph nodes extirpated from cases of infectious mononucleosis 
and in no nodes from the controls. Similar technique was used 
and examined were normal lymph nodes from two otherwise 
healthy persons, who happened to be operated upon for varices and 
a praesacral lymph node without pathological changes from a 
patient with cancer of the rectum and removed at the operation for 
the cancer. In addition there were examined lymph nodes with 
moderate non-specific inflammatory lesions, extirpated from the in- 
guinal region from four patients in connection with operations and 

lastly a Jarge cervical lymph node which turned out to show tuber- 
culosis microscopically. 



III. DISCUSSION 


A discussion of the results of the present investigation would 
seem to indicate the following. 

First of all that a basis for the assumption of an etiological 
connection between infectious mononucleosis in man and any 
pathogenic agent of bacterial nature could not be demonstrated. 
The thirtjr blood cultures which were taken during the initial 
highly febrile stage of the disease and cultivated under aerobic 
as well as anaerobic conditions gave in every instance negative 
results. Smear preparations and sections from the enlarged lymph 
nodes extirpated from 16 patients in the acute stage of the dis- 
ease and stained according to current methods or photographed 
at the nucleic-acid absorption maximum in ultraviolet light did 
not reveal any morphological structures which could be inter- 
preted as microorganisms of bacterial nature. Cultures from the 
same lymph nodes, carried out under aerobic and anaerobic con- 
ditions, were also negative. The sparse growth of B. Friedlander in 
one case as well as the occasional occurrence of staphylococci and 
diphtheroids in single substrates would undoubtedly seem to be 
regardable as insignificant, not merely in view of the facts just 
mentioned but also in consideration of the frequent occurrence of 
the latter bacteria in lymph nodes in all kinds of disease con- 
ditions (Fraenkel & Much, Bloomfield, Harris & Wave, 
Berg strand and others). 

It would seem as if the question of the connection postulated 
by Nyfeldt between bacteria of the Listerella family (Listerella 
monocjdogenes hominis Nyfeldt) and infectious mononucleosis m 
man should be scrutinized in more detail. The fact that Listerella 
do produce specific infections in animals as well as in man seems 
obviously well established by studies of the spontaneous diseases m 
question and their experimental reproduction by several workers. The 
fact that such infections are widely and frequently distributed in ani- 
mals suggests, however, that Listerellosis is essentially an affliction of 
animals (Julianelle). Infection with Listerella would seem to have 


6i • 


been first described by Murray, Webb & Swann in connection 
with an epidemic in stock laboratory rabbits. Since then epidemics 
have been reported by Pirie in gerbilles (Tateroha lobengula) and 
by Gill, Jungherr, Graham and his collaborators, Morin, Bies- ' 
ter & Schwarte, Paterson, Jones & Little in sheep and 
cattle. Cromwell and his collaborators described an epidemic in 
silver foxes. The clinical course of Listerella infection in monkeys 
has been recounted by Burn and Seastone among others. Liste- 
rellosis has also been observed in poultry by Ten Broeck, Pater- 
son, Seastone and others. 

In rodents Listerellosis seems to present the picture of a septic 
infection and autopsy reveals multiple necrotic foci in the liver 
as the most characteristic feature. In the higher mammals a more 
or less purulent meningitis or meningoencephalitis seems to domi- 
nate the clinical and microscopic picture. Rodents are the only ani- 
mals where a definite mononucleosis seems to occur (Murray, 
Webb & Swann, Nyfeldt, Seastone, Morris and Julia- 
nelle). In higher animals the common polymorphonuclear infec- 
tive response of the blood picture is the only change that has been 
recorded in Listerella infection (Gill, Jungherr, Graham, Hes- 
ter & Levine). 

The writer’s experiments on the inoculation of the Nyfeldt 
strains “28” and "37” into rabbits gave the result that possibly one 
of the eleven animals showed a slight transient increase in the per- 
centage of mononuclear cells in the blood. Otherwise there was ob- 
served only moderate leucocytosis without a significant change in 
the mutual proportion between polymorphonuclear and mononuclear 
cells in the blood. Although the blood of the experimental animals 
shortly after the inoculation showed young and monocytoid mono- 
nuclear cells to a large extent, this circumstance should not be 
ascribed decisive significance in view of the fact that Bland has 
described the same change after inoculation with the Pasteur In- 
stitute type strain of Toxoplasma cuniculi as well as in considera- 
tion of the obvious general lability of the blood picture in rabbits. 
In the experiments where the same Nyfeldt strains were used on 
monkeys, the result was a severe septicaemia with meningitis and 
encephalomeningitis as the predominant symptoms along with a 
polymorphonuclear leucocjdosis. Thus we can only verify (1) the 
correspondence of the clinical and pathological disease picture 
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TABLE 16. ' 

Fatality of Listerella Meningitis in Man. 


Observer 

Date 

Location 

Num 

Pat 

Re- 

ported 

>er of 
ients 

Died 

Atkinson 

mm 

Australia 


■ 

Tesdal 



Si 

n 

Schultz ct al 


California, U. S. A. . . 


0 

Bum 

HH 

Connecticut, U. S. A... 

H 

4 

Allen 1 

fH 

Connecticut, U. S. A... 

H 

1 

Gibson 


Scotland 



Carey 

1936 

Massachusetts, U. S. A. 


0 

Poston et al 

1937 

N. Carolina, U. S. A. 

m 

1 

Wright and MacGregor 

1938 

Scotland 

1 

1 

Cislaghi 2 


Italy 



Porter and Hale 3 

1939 

Iowa, U. S. A 

I 

0 

Porzecanski and 





de Baygorria 

1939 

Uruguay 

I 

0 

Totals 



19 

12 


1 This case cited by Burn. 

2 Not verified by bacteriological study. 

3 Treated with sulfanilamide, possibly responsible for recovery. (Cited by 
Julianelle, L. A. : Ann. Int. Med. 14,6x4, 1940.) 

arising in the two types of animal mentioned and that described in 
the literature as more or less typical of infection with bacteria of the 
Listerella family, and (2) the absence of similarity to infectious 
mononucleosis in man. 

Of more interest in this connection however, seems the probable 
distribution of Listerellosis in man. There can be no doubt that 
although the pathway of infection is still obscure, there is increasing 
recognition of the occurrence in man of a Listerella purulent menin- 
gitis which, while not so fatal as for instance the pneumococcal or 
staphylococcal varieties, does have a high mortality rate (Julia- 
nelle). Table 16 above gives a survey of the not inconsiderable 
number of papers reporting cases where the diagnosis of Listerello- 
sis seems to have been well founded bacteriologically. 1 . 

1 Excluding the case of Cislaghi which was not bacteriologically verified 
and was most certainly not Listerellosis. 
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A more detailed analysis of the material cited above shows that 
the human cases of the disease which could be associated with Liste- 
rella infection have involved predominantly the youngest year 
groups and that the clinical and pathological disease picture has 
been in all cases remarkably uniform. 1 Clearly Listerella infection 
in man seems on the whole "to present a picture identical with that 
described for higher mammals, including monkeys, when infected 
with this family of bacteria. Thus the disease seems to proceed 
with the picture of a severe septic infection and a more or less 
purulent meningitis or meningoencephalitis as the predominant 
symptoms. The mortality in the material described was as high as 
70 %. In no case are tymph node enlargements reported. There 
seems to have been no difficulty in the demonstration of the bac- 
teria in direct smears and in cultures of the cerebrospinal fluid or 
in blood cultures from the patients. Unfortunately it would seem 
as - if blood counts and serological tests have been undertaken only 
exceptionally. Those workers who however do report the results of 
such examinations have not on any occasion observed any increase 
in the occurrence of mononuclear cells in the blood of their patients 
(Carey; Poston, Upchurch & Booth ; Porzecanski & de Bay- 
gorria). There was observed, however, agglutination of the homo- 
logous Listerella strain (Carey). None of the papers from which 
the Listerellosis material in Table 16 is derived contain any report 
of increased occurrence of hetero-agglutinins in the serum of the 
patients. 

If we regard the results of the writer’s experiments in the light 
of the above, it would first of all seem as if stress should be laid 
on the fact that on no occasion was there obtained significant 
growth of bacteria, either in 30 blood cultures or in the cultures of 
material from the 16 extirpated lymphomas, although all these in- 
vestigations were carried out during the acute febrile stage of the 
disease and with the observance of all precautions. 

If we consider the results of the serological experiments (Page 
30) it becomes obvious that immune bodies against the Nyfeldt 
Listerella strains “28” and “37” could not be demonstrated in 
any greater quantity in patients who had just recovered from in- 
fectious mononucleosis than in the healthy controls. Cuta- 

1 Excluding the case o£ Cislaghi which was not bacteriologically verifed 
and was most certainly not Listerellosis. 
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neons tests, - intravenous injection of antigen, examination for 
the presence of agglutinins and the flocculation reaction according 
to Muller-Wassen were all performed. Antisera against the Ny- 
feldt Listerella strains were developed and obtained from healthy 
medical students. These antisera with a high agglutinin titer and 
positive flocculation reaction with homologous antigen according to ' 
Muller-Wassen turned out when tested according to Bunnell & 
Paul not to contain agglutinins against sheep red blood cells in a 
titer higher than that found normally. 

These results point in the same direction as those recently ob- 
tained in animal experiments by other investigators. Pisu showed 
that the sera of rabbits immunized with B. monocytogenes Murray 
and B. monocytogenes hominis Nyfeldt (Lister Institute Type 
Culture 5x05) did not agglutinate sheep red blood cells. Kolmer, 
also in experiments on rabbits, showed that Listerella strains, inclu- 
ding that of Murray, Webb & Swann, though promptly produ- 
cing complement-fixing antibody and agglutinins for antigens of 
homologous strains, did not produce either complement-fixing rea- 
gins for the antigens commonly employed in the sero-diagnosis of 
syphilis or agglutinins for sheep erythrocytes. Although Pons & 
Julianelle obtained growth of a diphtheroid, in all probability of 
the Listerella family, in the blood culture in one out of seventeen cases 
of infectious mononucleosis, Julianelle points out that the bacte- 
rium in question was not agglutinated by the serum of the patient 
and that there are serious objections to the existence of any genuine 
relationship between Listerella monocytogenes and the disease men- 
tioned since twenty-two strains of Listerella, seven of which were 
of human origin, proved in rabbit experiments their inability to 
stimulate the formation of heterophilic antibodies, either on pro- 
longed immunization or by active infection in animals responding 
to the bacterium with high agglutinin titers. Moreover rabbit anti- 
sheep and anti-heterophilic sera did not cause agglutination of their 
Listerella strains. Recently Janeway & Dammin stated that Liste- 
rella agglutination tests with the sera from thirteen cases of infec- 
tious mononucleosis, though in. some cases probably giving a slight- 
ly elevated titer as compared with that of the control sera, showed 
no trend upward or downward in the Listerella agglutinin titer 
during the course of the disease or recovery from it. Seven Liste- 
rella strains had been "tested, two of them from human cases of 



65 


meningitis. Janeway & Dammin conclude that etiological rela- 
tionship between the known Listerella organisms and infectious 
mononucleosis is hardl) r suggested by their results. 

The by now rather conclusively demonstrated inability of Liste- 
rella monocytogenes to stimulate the formation of lielerophilic anti- 
bodies, either by prolonged immunization or by active infection in 
man or animals, as well as the absence of immune bodies against 
this bacterium in the sera of human infectious mononucleosis con- 
valescents, together constitute the most serious objection to the 
existence of any relationship between Listerella monocytogenes 
and infectious mononucleosis. 

As a conclusion to what has already been said, the following 
statement would seem justified. The obviously extreme contrasts 
between the clinical and pathological disease picture in known cases 
of animal and human Listerella infection and human infectious 
mononucleosis, taken in conjunction with the results of the present 
and previous bacteriological, serological and animal experiments as 
well as the writer’s experiments with human material would all seem 
to speak categorically against the possibility of any pathogenetic con- 
nection between human infectious mononucleosis and any hitherto 
known bacterium of the Listerella family. 

The reason why this problem has been dealt with in such detail 
is the fact that the literature of recent years, even that of the hand- 
books, contains references to Nyfcldt’s view as to the existence 
of such a connection, despite the previous absence of control investi- 
gations on this subject. 

i ■ < 

In the introduction to this paper were mentioned a number of 
experiments by John Bland. This investigator by inoculating citra- 
led blood from a case of infectious mononucleosis had produced 
in rabbits an indefinitely passageable disease, clinically and patho- 
logically indistinguishable from the characteristic disease picture of 
rabbit Toxoplasmosis, including the presence of Toxoplasms in the 
organs of the animals. Blood from infected rabbits when injected 
into monkeys caused a rise in the percentage of the mononuclear 
cells in the blood. 

I.n view of the many and pronounced differences in the clinical 
course as well as m the pathological picture in human infectious 
mononucleosis and Toxoplasmosis of animals and taking into con- 
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sideration the common occurrence of even fatal nosocomial protozoal 
infections in rabbits, it would seem a priori as if Bland’s assump- 
tion of the significance of Toxoplasma cuniculi for the etiology of 
Pfeiffer’s disease was rather unlikely. It might be assumed that a 
latent Toxoplasmic infection appeared or was started in his first 
rabbit and that passage increased the virulence of the strain enough 
to make it pathogenic for monkeys. On the other hand a specific 
agent may have been transferred with the protozoa. The fact re- 
mains that Bland succeeded in producing a mononuclear blood pic- 
ture in monkeys and this seemed to justify the writer’s repetion 
of the experiments as a control. Heparinized blood from ten pa- 
tients in the acute febrile stage of infectious mononucleosis was 
inoculated intravenously into rabbits but failed to produce any 
changes whatsoever, either clinically or haematologically in the 
eight animals which survived the primary interference. Thus 
Bland’s results could not be confirmed. In this connection it 
would seem of interest that Toxoplasma of human and animal origin 
have been shown by Sabin & Olitsicy to be biologically identical 
in their pathogenicity for mammals and birds, and immunologically 
by producing an active immunity against one another and by the 
fact that a serum against one neutralizes both. They have further- 
more demonstrated that the sera of monkey's recovering from ex- 
perimental Toxoplasmosis could be shown to contain neutralizing 
antibodies for parasites while the sera of a number of infectious 
mononucleosis convalescents revealed no such antibodies. 

It may thus be concluded that no evidence has as yet been brought 
forward which is indicative of the existence of an etiological rela- 
tionship between organisms of protozoal nature and human infec- 
tious mononucleosis. 

Thus if the inoculation experiments on rabbits turned out nega- 
tively, it would still probably seem justified to interpret the expe- 
riments on monkeys as the successful transmission of the disease 
to this animal. The fact remains that fresh lymph node suspensions 
(sterility test on common substrates negative) obtained from a num- 
ber of patients with infectious mononucleosis during the acute stage 
of the disease and inoculated into monkeys in three instances, pro- 
duced, after an incubation period of from eight to nineteen days, 
mild clinical symptoms including general lymph node enlargement 
and an increase in the percentage of mononuclear cells in the blood 
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and that a reproduction of the condition seems to have been ob- 
tained in respectively five, three and two subsequent passages. 
Moreover sections from the lymph nodes of the monkeys mentio- 
ned showed a microscopic picture closely similar to that of lymph 
nodes in human infectious mononucleosis while this picture was. ab- 
sent in the lymph nodes of a number of control monkeys. 

In regard to the experiments on passage to human beings, there 
seems scarcely any doubt that the disease was successfully trans- 
ferred to experimental subject K. U. The disease picture which 
she presented was in all respects typical, clinically and haematologi- 
cally as well as microscopically in the sections of the extirpated 
lymph node. Although Case 23 as well as K. U. presented a hetero- 
agglutinin titer below 1 .‘256 when tested according to Bunnell 
& Paul, the result of Davidsohn’s differential test may be regar- 
ded as unequivocable proof of the diagnosis in the light of the 
remaining facts. It may perhaps be worth while mentioning in this 
connection that only 60 — 80 % of cases of infectious mononucleosis 
agglutinate sheep erythrocytes in a titer of 1 .‘256 or over (Olesen, 
Bang & Kristensen, Thomsen, 0 llgaard among others). The 
circumstance that both aerobic as well as anaerobic cultivation gave 
a negative result with the blood with which the passage had been 
obtained, seems to deserve further mention. 

Lastly if a survey is made of the results of the microscopic exa- 
mination of the human biopsy material it would seem as if the fol- 
lowing points should be stressed. Sections of all the nodes showed 
the characteristic if perhaps not typical picture of a pleomorphous 
large-celled hyperplasia as has been described by Sprunt & 
Evans, Longcope, Baldridge, Ropiner & Hansmann, Pratt, 
Downey & Stasney and others. Tre results of previous investi- 
gators could thus only be confirmed. Pieces of tonsillar tissue were 
excised in three cases. In two instances the tissue showed only the 
non-typical picture, rich in mononuclear cells, described by Fox. In 
sections from the tonsil of the third patient there were in addition 
areas dominated by irregular, large, clear cells reminiscent of the 
microscopic picture in the lymph nodes as in one of the cases 
published by Fahlen. 

The microphotographs taken at the nucleic-acid absorption maxi- 
mum in ultraviolet light showed that the frequently mentioned large 
cells of varying diameter, more or less distinctive of the micro- 



68 


scopic picture of the lymph nodes in infectious mononucleosis, pre- 
sent in great number a cytoplasm with very intense absorption (at 
-570 A), indicating the presence of large amounts of cytoplasmic 
nucleic acids (Figures 18—25). These cells also commonly reveal 
irregularities in the cytoplasm, often in connection with granular 
foci showing marked ultraviolet absorption and surrounded by halo- 
like zones of strikingly little absorption (Figures 21 and 24), and 
sometimes similar punctate foci of only slight ultraviolet absorption 
surrounded by zones of intense absorption (Figures 20, 22, 23). 
1 hese punctate foci are constantly of about the same size in the 
different cells of the same lymph node as well as in the lymph 
nodes from different cases of infectious mononucleosis. The 
nuclear membranes often seem to stand out prominently and the 
nucleoli are strikingly large and irregular, usually surrounded by 
irregular zones of chromatin (Figures 19, 21 a). Certain parts of 
the chromatin, probably corresponding to the hcterochromatic por- 
tion, seem thus to form large masses of nucleolar substance and to 
persist as a clearly distinct zone around the nucleoli (Figure 21 a). 
The latter induce the formation of cytoplasmic nucleic acids and 
cytoplasmic protein at the nuclear membrane. All the phases in this 
process can be distinctly observed in different cxemples of these 
large cells which thus present according to Caspersson all the cha- 
racteristic features of cells which have been irritated to vigorous 
growth but not to division and giving the picture of a system of 
protein formation stimulated to intense activity. The appearance of 
the nucleolar apparatus as well as that of the nuclear membrane 
and the discontinuous distribution of nucleotides in the cytoplasm 
of the large cells must be regarded as evidence of pronounced dis- 
turbance in the cytochemical mechanism. At present it would not 
seem possible to decide with certainty whether or not the strikingly 
high nucleic-acid content of the cytoplasm of these large "cells could 
conceivably be interpreted as due to the presence of virus, a con- 
ception which does not seem improbable, and whether in such case 
the irregularities and the observed granular phenomena could be 
conceived of as evidence of different stages of generation or 
whether the phenomena in question are only an expression 
of a mechanism of protein formation which is functioning 
pathologically. Thus even if the question of the probable vi- 
ms nature of the cellular changes observed in the lymph nodes of 
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patients with infectious mononucleosis must be left to future re- 
search to provide a definitive answer, there remains the fact that 
similar cellular pictures have on no occasion been observed in the 
control material. Neither did Caspersson ever observe similar cyto- 
plasmic phenomena in normal or cancer cells . 1 


1 Personal communication. 



IV. SUMMARY 


1. Twenty-seven sporadic cases of infectious mononucleosis 
(Pfeiffer's disease), all clinically, haemalologically and serologi- 
cally typical, were studied from the etiological point of view. 

2 . Thirty blood cultures from twenty-one cases of the disease 
in the acute febrile stage were negative on incubation under aerobic 
and anaerobic conditions. 

3. Aerobic and anaerobic cultures of lymph node tissue were 
negative in material from sixteen cases of the disease in the acute 
febrile stage. 

4. The question of a possible pathogenetic connection between 
Listerella monocytogenes hominis Nyfeldt and human infectious 
mononucleosis was the object of analysis in a number of experi- 
ments. Used were two strains of the bacterium in question (obtained 
from Nyffldt himself) called ”28” and ”37” and slated to have 
been obtained in blood cultures from typical cases of the disease. 

On intravenous injection into rabbits these bacteria caused an 
increase in the ’’monocyloid” cells in the blood. A percentual increase 
of mononuclear cells was observed in one of eleven experimental 

A. 

animals. In no case during the period of observation or at autopsy 
on the animals was any lymph node enlargement or other macro- 
scopic change encountered. The blood picture in the animals in 
question showed, as in Nyfeldt's material, striking variation in the 
values obtained at examination on consecutive occasions. It did not 
seem possible to differentiate these morphological changes in the 
blood from those described by Murray, Webb & Swann in con- 
nection with Listerella infection or those reported by Bland in 
connection with the inoculation of the Pasteur Institute lypestrain 
of Toxoplasma cuniculi. 

Intravenous inoculation of the Nyfeldt strains into two Maca- 
cus rhesus monkeys produced a rapidly lethal infection with sup- 
purative meningitis and encephalitis. Reaction from the lymphatic 
system in the form of lymph node enlargment, lymphocytosis or the 



occurrence of pathological lymphocytes or monocytic cells in the 
blood could not be demonstrated. The disease picture which was ob- 
tained seemed to correspond well with that described by several 
workers (Burn, Seastone, Julianelle) as typical of infection of 
higher mammals with strains of the Listerella family, as well as 
with the symptom complex reported by a number of investigators 
(reviewed by Julianelle) in cases of what seemed to be undoub- 
ted Listerella infection in man. Significant, clinical, haematologi- 
cal or pathological similarities between the disease picture produced 
with the Nyfeldt strains in monkeys and infectious mononucleosis 
in man could not be shown. On cutaneous testing, intravenous in- 
jection of antigen and examination for the presence of agglutinins 
or the flocculation test according to Muller-Wassen, immune 
bodies against the Nyfeldt strains could not be demonstrated in 
patients who had just recovered from infectious mononucleosis to 
any greater extent than in healthy controls. Human antisera (against 
the Nyfeldt strains) with high agglutinin titers and a positive 
flocculation reaction in accordance with Muller-Wassen turned 
out when tested according to Bunnel & Paul not to contain sheep 
erythrocyte agglutinins in a higher titer than that occurring normally. 

5. In eight cases attempts to transmit the disease to rab- 
bits by intravenous inoculation of heparinized blood from patients 
in the accute febrile stage of infectious mononucleosis were 
negative. Thus the assumption of Bland as to the significance 
of a Toxoplasin for the pathogenesis of the disease could not be 
confirmed. 

6. Fresh lymph node suspensions were prepared from seven 
patients in the acute phase of infectious mononucleosis (sterility 
tests on common substrates negative) and injected intracerebrally, 
intraperitoneally or subcutaneously into seven Macacus or Cerco- 
pithecus monkeys. In three cases, after about 19, 17 and 8 days 
respectively, there developed mild clinical symptoms with general 
enlargement of the lymph nodes, a slight increase in the mono- 
nuclear cells of the blood and in two of the cases a slight rise in 
rectal temperature. These changes could be reproduced in new mon- 
keys by the inoculation of suspensions obtained from extirpated 
lymph nodes. In this way it appeared as if respectively five, two 
and three consecutive passages were obtained. The lymph nodes 
of the monkeys in question, when sectioned and stained or photo- 
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graphed unstained in ultraviolet light at 2570 A showed the micro- 
scopic picture of an irregular, pleomorphic, mononuclear and large- 
celled hyperplasia, closely resembling that in the lymph nodes of 
human infectious mononucleosis. Sections from the lymph nodes 
of control monkeys showed no such alterations. 

7. Heparinized blood or plasma from patients in the acute stage 
of infectious mononucleosis was transfused into five healthy medi- 
cal students who volunteered for the purpose. One of these healthy 
subjects who had thus received 250 cc of heparinized blood deve- 
loped after an incubation period of eighteen days a clinical, haema- 
tological, serological and histological disease picture indistinguish- 
able from that of a typical case of infectious mononucleosis. 

8. In sixteen cases of infectious mononucleosis, extirpated lymph 
nodes were examined microscopically. Sections from all of these 
lymph nodes revealed the picture of a pleomorphic, mononuclear 
and large-celled hyperplasia such as has been described by previous 
investigators. In three cases pieces of tonsillar tissue were excised 
and examined microscopically. Two cases revealed the noncharacte- 
ristic picture described by Fox while the third presented an appear- 
ance resembling that occurring in lymph nodes as described by 
Faiilen in one of his cases. Microphotographs of lymph node tissue 
were made in 12 cases at the nucleic-acidabsorption maximum in 
ultraviolet light (at 2570 A. E.) using Caspersson’s technique on 
the basis of the Kohler ultraviolet procedure. In three cases in im- 
mediate conjunction with the lymph node extirpation, smear prepa- 
rations were made with as gentle technique as possible and 
it was these which offered the best opportunity for analysis 
of the finer cylological details. The microphotographs of prepara- 
tions examined in this way showed identical pictures and revealed 
numerous large cells of varying diameter in addition to masses of 
lymphocytes. These large cells often exhibit a cytoplasm which ab- 
sorbs ultraviolet peculiarly intensely (at 2570 A) indicating the 
presence of large quantities of cytoplasmic nucleic acids. The cells 
in question usually show irregularities in the cytoplasm, as well 
as granular foci exhibiting intense ultraviolet absorption and sur- 
rounded by halo-lilce zones of only slight absorption. Sometimes 
there are similar punctate foci of only slight ultraviolet absorption 
surrounded by zones of intense absorption. The nuclear membranes 
usually seem to stand out prominently ; the nucleoli are strikingly 
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CASE REPORTS 


CASE i. Serafimer Hospital Med. Clin. II 1239/1937. M. R. 21- 
years old railway employee. Previously always healthy. Gradual onset 
14 days 'before admission with slight malaise and pain in the small 
of the back. A week after the first symptoms he noticed a rapidly in- 
creasing swelling on the left side of the neck. At the time his throat 
was swollen and there was pain on swallowing. His temperature rose 
to about 38° C. 

Status on admission Oct. 10/37. Temperature 38.4° C. Fine prickly^, 
clear red rash around the neck as well as over the shoulders and chest. 
On the left side of the neck above the sternocleidomastoid just behind 
and below the angle of the jaw is a lymph node mass about 8 — 10 cm 
in diameter, not discrete rather soft and slightly tender. On the right 
side of the neck as well as in each axilla are a number of similar swollen 
lymph nodes some as large as hazel nuts. There are none in the ingui- 
nal regions. There is swelling and intense redness of the throat and 
tonsils. The lower pole of the spleen is palpable. 

Laboratory data. Blood: Hb 100 %, Rbc 48 00000, Wbc 13600, 
Polymorphonuclears 15 %, Mononuclears 85 % (large numbers of 
primitive mononuclears). Wassermann and Kahn negative. M.B.R. II 
negative. Sedimentation reaction 6 mm in 1 hr. Urine no abnormality. 
Hetero-agglutinin titer according to Paul & Bunnell (actual dilution) 
1/1024. Direct smear and cultivation of tonsillar swab showed ordinary 
pharyngeal flora. Lymph node biopsy Oct. 15th: Definite large-celled 
reaction extending from the sinus areas into the lymphatic tissues which 
are reduced to small follicles with or without germinal centers. The 
large cells have loose, slightly basophilic cell bodies and large vesicular 
nuclei with one or more nucleoli. They show a certain amount of 
polymorphism. A small number of cells of the same type have 2 or 3 
nuclei. Fairly numerous mitoses (Henschen). Aerobic and anaerobic 
cultures from the excised lymph nodes were still sterile on Oct. 29th. 
On the evening after the biopsy the temperature was 39-9 C. Blood 
culture taken then was still sterile 5 weeks later. 

The patient left the hospital afebrile after 7 days. He still had 
12 000 white blood cells of which 82 % were mononuclears and the 
hetero-agglutinin titer was 1/512. 

CASE 2. Serafimer Hospital Med. Clin. II 120/193 & P-O.S. 21-years 
old medical student. Previously healthy. During the last days of De- 
cember 1937 had had pain on swallowing and a swollen throat. As 


the general feeling of malaise increased during the following days, he 
took to bed on January 2/1938. 

Status on admission Jan. 10/38. Temperature 38.9° C. No exanthema. 
Behind and in front of both stcrnoclcidomastoids are a number of 
freely movable, rather soft, slightly tender lymph nodes of the size of 
peas and beans. Each axilla and inguinal region contains a number of 
similar nodes up to the size of beans. The pharynx is deep red and 
swollen and the tonsils arc coated. The right tonsil shows a small 
necrotic area. (Direct smear and culture of tonsillar swab showed 
ordinary pharyngeal flora.) The liver and spleen are not palpable. The 
internal organs are otherwise negative. 

Laboratory data. Sedimentation reaction 20 mm in 1 hour. Urine no 
abnormality. Blood: Hb 96 %, Rbc 5500000, Wbc 10200, Polymorpho- 
nuclears 26 %, Mononuclears 74 % (Profuse numbers of primitive 
mononuclears). Hetero-agglutinin titer according to Paul & Bunnell: 
Positive agglutination in 1/512, a trace in 1/1024 (final dilution). Was- 
sermann and Kahn negative, M.B.R. II negative. Lymph node biopsy 
Jan. 8th: Hyperplastic lymph node with primary and secondary 
follicles. The sinus areas and also the lymphatic tissue show a definite 
increase in the macrophage elements. In the stroma and small blood 
vessels arc small clumps of polymorphonuclear leucocytes. Hyperplastic 
lymphadenitis (Henschen). Aerobic and anaerobic cultures from the 
excised lymph nodes were still sterile on Feb. 3rd. Blood cultures taken 
Jan. 5th and 6th were still sterile after 5 weeks. 

The patient left hospital after 7 days. lie had no more subjective 
discomfort but the enlargement of the lymph nodes was still present. 
The white blood cell count was 7200 of which 65 % were mono- 
nuclears. The hetero-agglutinin titer according to Bunnell and Paul 
was still 1/512. 

CASE 3. Serafimer Hospital hied. Clin. II 445/193S. B. M. N. 27- 
years old medical student. Previously healthy except for common 
colds. On March 30th he had noticed some swollen and tender lymph 
nodes submandibularly on the left side. During the following days 
there was increasing soreness of the throat. On April 1st there were 
still more swollen lymph nodes on the left side of the neck as well 
as for the first time a number of similar soft, slightly tender, freely 
movable lymph nodes on the right side of the neck. No malaise and no 
exanthema. Temperature 37.6° C. 

Status on admission April 2/38. General condition good. Temperature 
37.2 0 C. No exanthema. There is no conjunctivitis or oedema of the 
eyelids. The pharynx and tonsils arc intensely reddened and slightly 
oedematous but otherwise without abnormality. Along the left sterno- 
cleidomastoid muscle are some 5 — 6 lender, soft, freely movable 
lymph nodes up to the size of hazel nuts. Along the right sternocleido- 
mastoid are some similar nodes up to the size of beans. In the right 
axilla is a lymph node the size of a hazel nut and in both inguinal 



76 


regions some nodes the size of grains of rice. The internal organs are 
not abnormal on physical examination. The liver is not enlarged Lr 
the spleen is definitely so. 

Laboratory data: Blood: Hb 100 %, Rbc 5200000, Wbc 12800. 
Differential count; Neutrophils 32 %, Eosinophils 1 %, Mononuclears 
67 % (Table 1, Page ). Hetero-agglutinin titer according to Bunnell 
N Paul 1/512 (final dilution, see also Table x, Page ) . Wassermann 
Kahn and the M.B.R. II tests negative. Urine no abnormality. Blood 
culture still sterile on May 4th. At biopsy April 2nd a cervical lymph 
node was removed. Cultures still sterile on May 4th. Microscopy: Gene- 
ral hyperplasia with the structure of the node diffusely obliterated and 
numerous lymphocytes and large light cells. In one circumscript area 
typical recent tuberculosis (Henschen). 

The patient left the hospital after 5 days, afebrile but with still 
palpable lymph nodes. 

CASE 4. Serafimer Hospital Med. Clin. II 1379/1938. E.W.H.A. 
22-years old male employee. Previously healthy except for occasional 
infections in the upper respiratory passages. About a fortnight prior to 
admission he had not felt well and had complained of headache. A 
week later he developed a sore throat, pain on swallowing and swollen 
lymph nodes first on the right and then on the left side of the neck. 
Stayed in bed the last few days before admission because of rising 
temperature, chills and intense general malaise. For the last days was 
unable to swallow anything but fluids because of swollen throat and 
tonsils. No other symptoms. 

Status on admission Oct. 12/1938. Temperature 39.3 0 C. No ex- 
anthema. Pharynx and tonsils reddened. Tonsils enlarged and showing 
necrotic foci. On each side of the neck behind and below the angle of 
the jaw is a lymphoma consisting of several soft slightly tender nodes 
up to the size of walnuts and plums, the entire mass being larger than 
an egg. In both axillae and inguinal regions are a number of similar 
lymph nodes up to the size of beans. The spleen is palpable. Otherwise 
the internal organs reveal no abnormality on physical examination. 

Laboratory data . Blood: Hb 70 %, Rbc 4200000, Wbc. 12300. 
Differential count: Neutrophils 30 %, Lymphocytes '70 % of which 
25 % are pathological forms (Table x). Hetero-agglutinin titer 
1/512 (final dilution). Wassermann, Kahn and M.B.R. II tests 
negative. Sedimentation rate 8 mm/i hr. Urine and faeces not 
abnormal. Blood culture from Oct. 12th still sterile on Nov. 20th. 
Biopsy Oct. 12th : Excision of a cervical lymph node the size of a 
walnut. Cultures still sterile 011 Oct. 20th. Microscopy: Hyperplasia 
with a certain obliteration of the architectural structure. The tissues 
between the follicles have a remarkable large-celled character and 
consist predominantly of cells with large rounded vesicular nuclei and 
one to two large prominent nucleoli. There arc also lymphocytes and 
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plasma cells in smaller quantities. Mitoses arc rather numerous (Hen- 
schen). 

The patient left the hospital on Oct 18th, afebrile but with a few 
still slightly enlarged lymph nodes. 

CASE 5. St Erik’s Hospital Med. Clin. IV 8235/1938. E. M. H. 
Female 23 years of age. 

Orthostatic albuminuria since childhood. Tonsillectomy and append- 
ectomy while still of school age. Otherwise always healthy. A history 
of ten days of intense general malaise and headache, sore throat and 
a temperature around 38° C. No other symptoms. 

Status on admission Dec. 3rd 1938. General condition good. No 
exanthema. Pharynx reddened. Tonsils removed. Along both sterno- 
clcidomastoids are a considerable number of soft, slightly tender, freely 
movable lymph nodes, up to the size of hazel nuts. In each inguinal 
region arc some 4 or 5 similar lymph nodes up to the size of peas. 
There arc no enlarged nodes in the axillae. Roentgen examination 
shows some enlargement of the liilus shadows. The liver and spleen are 
not enlarged. Otherwise the internal organs show no abnormality. 

Laboratory data. Blood: Hb 92 %, Rbc 4600000, Wbc 11300. 
Differential count: Polymorphonuclcars 13 %, Mononuclears 87 % 
with numerous pathological lymphocytes (Table 1). Hetero-agglu- 
tinin titer according to Bunnell & Paul 1/2048 (final dilution). 
Wasscrmann, Kahn and M. B. R. II negative. Urine not abnormal. 
Blood culture from Dec. 7th still negative on Jan. 3rd. Biopsy for 
excision of cervical lymph node. Cultures negative on Dec. 27th. 
Microscopy: Some obliteration of the architectural structure and a 
pathological increase in the different mononuclear elements and macro- 
phages (Henschcn). 

The patient left hospital on Dec. 18th, afebrile and subjectively well 
but with persistent slightly' enlarged lymph nodes. 


CASE 6. Sabbatsbcrg Hospital Med. Clin. II 956/1938. A.A.G.E. 
Male employee 24 years of age. 

Previously healthy except for occasional attacks of paroxysmal 
tachycardia. Present illness began about 2 weeks ago with increasing 
malaise and rising temperature. Pain on swallowing as well as abdo- 
minal pain developed on the day before admission. Otherwise no 
symptoms. 

Status on admission Dec. 8th 1938. General condition good. Tempera- 
ture 3S 0 C. No exanthema. Pharynx and tonsils reddened and swollen 
with necrotic foci in the latter. A couple of soft tender bean-sized 
lymph nodes below the angle of the jaw on each side of the neck. 
Spleen palpable. Otherwise the internal organs show no abnormality 
on physical examination. 

Laboratory data. Blood: Hb 85 %, Rbc 4400000, Wbc 12400. 
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Differential count: Segmented 5 %, Nonsegmented 30 %, Lymphocytes 
66 %, with a high percentage of pathological cells, Monocytes 3 % 
(Table 1). Wassermann, Kahn and M. K.B. II negative. Sedi- 
mentation rate 13 mm/i hr. Hetero-agglutinin titer according to 
Bunnell & Paul 1/4096 (final dilution). Urine not abnormal. Blood cul- 
ture taken Dec. 13th still sterile on Feb. 2nd. Biopsy Dec. 16th with re- 
moval from the neck of a lymph node mass the size of a walnut. Cul- 
tures sterile. Microscopy : Lymph node tissues permeated by large clear 
cells with large clear nuclei with the chromatin in irregular granules and 
by fibroblastic cells as well as an occasional giant cell. No eosinophils 
or other evidence of Hodgkin’s disease. Here and there are areas 
where the picture described above is less typical and the sinuses to 
which the chief changes are localized seem to be filled with cells 
forming collagenous connective tissue. The isolated mitoses are not 
of the type seen in malignancy. There is no evidence of tuberculosis 
or syphilis. The tissue shows a subacute non-specific reaction of the 
rcticulo-endothelial system (Wilton). 

The patient left hospital on Dec. 21st, afebrile and subjectively 
without symptoms but with some still slightly enlarged lymph nodes. 

CASE 7. St. Erik’s Hospital Med. Clin. IV 8467/1938. I.E.E.P. 
Woman factory worker 19 years of age. 

Previously healthy. Acute onset Dec. Sth/1938 with intense general 
malaise, headache, pain in the lumber region and an evening tempera- 
ture of 38.5° C. The fever increased to 39.9 0 C during the following 
days. There, was no cough or soreness of the throat. 

Status an admission Dec. 13th 1938. General condition good. No 
exanthema. Tonsils reddened and enlarged without necrotic foci. Be- 
hind both angles of the jaw and along the stemocleidomastoids^ a 
number of slightly tender, soft, freely movable lymph nodes in size 
up to that of large beans. No enlargement of the nodes in the axillae 
or inguinal regions. No abnormality of the internal organs on physi- 
cal examination. No enlargement of the spleen and liver. No abnorma- 
lity of the lungs and heart on roentgen examination. 

Laboratory data. Blood: Hb 100 %, Rbc 5100000, Wbc 5800. 
Differential count; Segmented 6 %, Nonsegmented 23 %, Lymphocytes 
56 %, Monocytes 15 %. Wassermann, M. B. R. II and M. K. R. II 
negative. Sedimentation rate 14 mm/i hr (Table 1). Hetero- 
agglutinin titer according to Bunnell & Paul 1/2048 (actual ^dilu- 
tion). Blood cultures on Dec. 14th ( 39 - 4 ° C) ar *d J 6th (384 Q 
still sterile on Jan. 6th. Biopsy Dec. 18th with removal of a lymph 
node. Microscopy: The lymph node structure in the peripheral 
regions is well retained and shows secondary follicles. In the central 
regions however the picture is dominated by large cells with 
light protoplasm and chromatin often in the form of granules. There 
is no evidence of malignancy, tuberculosis or Sternberg’s disease. The 
picture is that of a non-specific reaction from the cells of the reticulo- 
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endothelial system (Wilton). Aerobic and anaerobic cultures from the 
excised node are still sterile on Jan. 6th. 

The patient left the hospital on Jan. 20th, afebrile and with only 
38,5 % mononuclear cells in the blood but still with palpable enlarge- 
ment of the lymph nodes of the neck. 

CASE 8. Sabbatsberg Hospital Otology Clin. 2151/1938. P. H. E. 
Male 24 years of age. 

Previously always healthy. About one week before admission acute 
onset with a sore throat and pain on swallowing. Slight increasing 
fever. Otherwise no symptoms. 

Status on admission Dec. 31st 1938. General condition good. No 
exanthema. The pharynx and tonsils arc intensely reddened, the latter 
markedly enlarged and with necrotic foci. Along both sternocleido- 
mastoids are a number of soft, freely movable lymph nodes about the 
size of hazel nuts. There is no abnormality of the internal organs on 
physical examination. The spleen and liver are not enlarged. 

Laboratory data. Blood: Hb 95 %, Rbc 5500000, Wbc n 400. 
Differential count: Neutrophils 30 %, Basophils 1 %, Lymphocytes 
62 %, Monocytes 4 % (Table 1). Hetero-agglutinin titer according 
to Bunnell & Paul 1/5 12 (actual dilution). Blood cultures taken 
on Jan. 3rd (38.9° C) and 4th (37. 7° C) still sterile on Feb. 8th. 
Urine not abnormal. 

The patient left the hospital afebrile on Jan. 9th with slightly en- 
larged lymph nodes. 

CASE 9. Sabbatsberg Hospital Otology Clin. 2152/1938. G. B. A. 
Male hospital employee 23 years of age. 

Previously healthy. About one week before admission he was taken 
acutely ill with a feeling of soreness and swelling in the throat and 
pain on swallowing. The fever and throat trouble increased during 
the following days and a colleague suspecting a peritonsillitis sent the 
patient to the hospital. 

Status on admission Dec. 31st 193S. Temperature 39.2 0 C. General 
condition good. The pharynx and tonsils are reddened. The tonsils are 
large, firm and coated, the left one being displaced medially. Anterior 
rhinoscopy shows the mucous membrane swollen and reddened, with 
no secretion. Along the stcrnoclcidomastoids on both sides are a small 
number of soft, freely movable, slightly tender lymph nodes tip to the 
size of small hazel nuts. The internal organs show no abnormality on 
physical examination. The spleen and liver arc not enlarged. Urine not 
abnormal. 

Laboratory data. Blood: Hb 70 %, Rbc 4200000, Wbc 18 100. 
Differential count: Neutrophils 27 %, Eosinophils 1 %, Lymphocytes 
7° %» Monocytes 2 % (Table 1). Hetero-agglutinin titer according 
to Bunnell & Paul 1/1024 (final dilution). Blood cultures from 
Jan. 3rd (39.T°C) and Jan. 4th (38.2° C) still sterile on Feb. 8th. 
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After a temperature of 40.3 0 C on Jan. 2nd,' there was a rapid-lysis, 
and the patient left hospital for further convalescence at home oil 
Jan. 9th, afebrile, with only small lymph nodes still remaining, and with 
a differential count showing 80 % mononuclears. 

CASE 10. Military Hospital Med. Clin. 69/1938. S.E. A. Male 18 
years of age. 

Previously healthy. Since a fortnight before admission increasing 
general malaise, sore throat, pain on swallowing and a temperature 
about 38° C. Moderate bronchitis. Since the temperature showed an 
upward trend, he was sent to the hospital. Otherwise no symptoms. 

Status on admission Jan. 12th 1939. General condition good. 
Temperature 38.6° C. No exanthema. The pharynx and tonsils arc 
reddened, the latter swollen and showing a number of necrotic foci. 
Behind and below both angles of the jaw are some soft and tender 
lymph nodes the size of beans. Along the left sternocleidomastoid and 
in both inguinal regions arc a dumber of similar lymph nodes of about 
the same size. The internal organs are otherwise without abnormality 
on physical examination. The spleen is not palpable. 

Laboratory data. Blood: lib S4 %, Rbc 4840000, Wbc 14000. 
Differential count: Segmented 33.5 %, Nonscgmcntcd 4.5 %, Basophils 

0. 5 %, Lymphocytes 61.5 % (Monocytoid pathological cells 21 %) 
(Table 1). Bunnell & Paul test 1/1024 (final dilution). YVasscr- 
mann, Kahn, M. B. R. II negative. For sedimentation rate see Table 

1. Urine not abnormal. 

The patient left hospital on Jan. 26th, afebrile and without symptoms 
or palpable lymph nodes and a blood count showing only 31 % 
mononuclear cells. 


CASE 11. Military Hospital Med. Clin. 77/1939- E. B. P. Male 25 
years of age. 

Pleurisy 1937. Frequent X mays of the kings since then without 
abnormality. Otherwise always healthy. On jan. 12th 1939 acute onset 
with general malaise, sore throat and pain on swallowing, pain between 
the shoulders and fever. 

Status on admission Jan. 14th 1939. Temperature 37 - 5 ° G. Genera 
condition good. No exanthema. The pharynx and tonsils are reddened, 
the latter considerably enlarged and showing necrotic foci. The internal 
organs arc without abnormality on physical examination. X-rays o 
the lungs show no abnormality. The patient was regarded as a case 
of common tonsillitis, but as his fever continued to rise, reaching 
39.6° C on Jan. 26th a blood count was performed and the true nature 
of his angina was revealed. A number of slightly tender, soft anc 
freely movable lymph nodes up to the size of beans were then foun 
along the sternocleidomastoid muscles on each side of. the neck, as 
well as in both axillae and inguinal regions. 

Laboratory data. Blood (Jan. 25th) : Wbc 10700. Differential count. 
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Segmented 13 %, Nonsegmented 1 %, Lymphocytes 70.5 %, Mono- 
cytes 15.5 %. Hetero-agglutinin titer according to Bunnell & Paul 
1/512 (final dilution). 

The patient left hospital on Feb. 6th, afebrile and without symptoms, 
but with slightly enlarged lymph nodes still persisting. 

CASE 12. Serafimer Hospital Med. Clin. I 212/1939. L. E. Female 
20 years of age. Previously always healthy. On Jan. 24th 1939 acute 
onset with severe headache, oedema of the eyelids and general malaise. 
After some days she noticed fever, 38° — 39.5 0 C, and went to the 
ophthalmological clinic complaining of her swollen eyelids. Since only 
a moderate conjunctivitis was present and X-rays of the nasal cavities 
showed no abnormality she was sent to the medical clinic for further 
examination. 

Status on admission Feb. 2nd 1939. General condition good. Tempera- 
ture 39.2° C. No exanthema. There is considerable facial oedema, with 
special localization in the eyelids. There is moderate conjunctivitis. The 
pharynx and tonsils are reddened, the latter small and without necrotic 
foci. On both sides of the neck from the supraclavicular region along 
the sternocleidomastoid to behind the angle of the jaw are a large 
number of not too soft, tender, freely movable lymph nodes, ranging 
in size up to that of large beans. In each axilla and inguinal region 
arc a couple of similar nodes. The liver and spleen arc not enlarged. 
The internal organs are otherwise negative on physical examination. 

Laboratory data. Blood: Hb 80 %, Rbc 4200000, Wbc 8000. 
Differential count: Neutrophils 20 %, Mononuclears 80 % (Patholo- 
gical monocytoid cells and monocytes 49 %) (Table 1). Hetero- 
agglutinin titer according to Bunnell & Paul 1/4096 (final dilution). 
The Wnssermann test showed slow hemolysis in two of the three ex- 
tracts used. Kahn, M.B.R. II negative. Sedimentation rate 21 mm/i hr. 
Urine not abnormal. Blood cultures from Feb. 2nd 4th were still 
sterile after 5 weeks (March 6th). Biopsy was not performed. 

The patient left hospital Feb. 13th, afebrile, without symptoms but 
with slightly enlarged lymph nodes and a blood count still showing 86 
% mononuclears. The Bunnell and Paul test was 1/4096. 

CASE 13. Serafimer Hospital Med. Clin. II /1939: S. K. B. Male 
hospital employee 18 years of age. 

With the exception of common colds and an otitis simplex had al- 
ways been healthy prior to admission. For some time had had slight 
rhinits and a cough without expectoration. On May 13th acute onset 
with sore throat, pain on swallowing and a temperature of 38° C. On 
May 15th lie discovered tender lymph nodes on his neck. Otherwise no 
symptoms. 

Status on admission May 19th 1939. General condition good. Tempe- 
rature 39° C. No exanthema. The pharynx and tonsils are reddened 
the latter considerably enlarged and showing necrotic foci. On each 
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side of the neck, from the supraclavicular region to the angle of the 
jaw along the stcrnocleidomastoids are a number of soft, moderately 
tender lymph nodes up to the size of beans. Behind and below the 
angles of the jaw these form masses the size of an egg on the right ' 
side and that of a plum on the left. In both axillae and inguinal regions 
there are similar lymph nodes the size of beans. The spleen is palpable. 
The internal organs are otherwise without abnormality on physical 
examination. 

Laboratory data. Blood: Hb 102 %, Rbc 5500000, Wbc 10700. 
Differential count: Polynuclcars 28 %, Mononuclears 72 % (mono- 
cytoid, pathological cells 39 %). Wassermann, Kahn and M. B.R. II 
negative. Hetero-agglutinin titer according to Bunnell & Paul 1/512 
(actual dilution). Urine no abnormality. Blood culture from May 20th 
still sterile on June 20th. Biopsy May 22nd: Cervical lymph node ex- 
cised. Cultures showed sparse growth of B. Friedlander in a number 
of substrates. Microscopy: Hyperplastic lymphadenitis, with diffuse 
large-celled hyperplasia within the sinus regions, and almost complete 
obliteration of the general structure of the node. (Hensciien). 

The patient left hospital May 26th, afebrile, without symptoms but 
with slightly enlarged lymph nodes still persisting. For the blood picture 
see Table 1. 

CASE 14. Military Hospital Med. Clin. 1874/1939. ITS. A. Medi- 
cal student aged 24. Previously always healthy. On Sept. 23rd 1939 
taken acutely ill with fever, general malaise and muscular pains. 
During the following days a temperature around 39° C, but no other 
symptoms. 

Status on admission Sept. 27th. General condition good. Temperature 
39 - 3 ° C. No exanthema. The pharynx and tonsils are reddened, the 
latter enlarged. There are no palpable lymph nodes. The spleen is not 
palpable. The internal organs are otherwise without abnormality on 
physical examination. 

Laboratory data. Blood: Hb 90 %, Rbc 4500000, Wbc 4700. Dif- 
ferential count : Polymorphonuclcars 35 %, Mononuclears 65 % (patho- 
logical cells of the kind found in infectious mononucleosis are present). 
Wassermann, Kahn and M. B. R. II negative. Urine no abnormality. 
On Sept. 30th a number of soft, tender lymph nodes up to the size of 
small beans were palpable along the sternocleidomastoid muscle on 
both sides of the neck, and also in the axillae and inguinal regions. 
Hetero-agglutinin titer according to Bunnell & Paul 1/128. Blood 
Oct. 9th: Wbc 10.200, Polymorphonuclcars 19 %, Mononuclears 81 % 
(large numbers of typical infectious mononucleosis cells). Hetero- 
agglutinin titer 1/512 (final dilution). 

The patient left hospital Oct. 23rd, afebrile and without symptoms. 

CASE 15. Sabbatsberg Hospital Otology Clin. 1642/1939. L. A. G. K. 
A male 24 years of age. 
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Had had a tonsillectomy in 1936 for recurrent peritonsillitis on the 
left side. Otherwise always healthy previously. For two weeks had had 
increasing- general malaise accompanied in the last week by fever and 
pain on swallowing. Tenderness on both sides of the neck for the last 
few days. 

Status on admission Oct. 10th 1939. General condition good. No 
exanthema. The pharynx is reddened and on the left there is slight 
oedema and a necrotic focus the size of a pea in the remnant of the 
left tonsil. There are slightly tender lymph nodes of moderate size 
along both sternoclcidomastoids. The internal organs are otherwise 
normal on physical examination. 

Laboratory data. Blood: lib 76 %, The 4050000, Wbc 16400, 
Neutrophils 16 %, Lymphocytes So % (with numerous typical patho- 
logical cells), Monocytes 4 %. Ilctcro-agglutinin titer 1/204S (final 
dilution; Table 1). Wassermann, Kahn and M. B. R. II tests negative. 
Urine no abnormality. 

The patient left hospital Oct. 21st, afebrile but with persisting blood 
changes and slightly enlarged lymph nodes. 


CASE 16. Stockholm Epidemic Hospital 4348/1939. M. L. L. A fe- 
male aged 19. 

Previously healthy. On Oct. 9th J930 acute onset with sore throat 
and fever. The temperature varied between 39 0 and 39.5 0 C the follow- 
ing days. Diphtheria was suspected and she was sent to hospital Oct. 
34th. 

Status on admission Oct. 14th 1939. General condition good. No 
exanthema. Large intensely reddened tonsils with a membranous 
coating of dirty gray colour. Posterior to the angles of the jaw and 
along both sternoclcidomastoids arc a number of soft, slightly tender 
lymph nodes up to the size of hazel nuts. The internal organs otherwise 
reveal no abnormality. The spleen which was not palpable on admis- 
sion could just be felt under the costal arch for a few days around 
20/10. 

Laboratory data. Blood: Hb 80 r / c , Rbc 4500000, Wbc 21200, 
Differential count: Mononuclears 78 % (numerous typical pathologi- 
cal cells), Polymorphonuclcars 22 %. Hetero-agglutinin titer according 
to Bunnell & Paul 1/1024 (final dilution). Sedimentation rate S 
nim/i hr (Table 1). Wassermann, Kahn and M. B. R. II negative. 
Urine no abnormality. 

The patient left the hospital on Oct. 26th, afebrile but with slightly 
enlarged lymph nodes and the mononucleosis of the blood still per- 
sisting. 

CASE 17. Stockholm Epidemic Hospital 4392/1939. I. E. A young 
girl of 14. 

O11 Oct. 14th acute onset with pain on swallowing and fever up to 
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*)0° C during the following clays. As diphtheria was suspected she was 
sent to hospital on Oct. 18th. 

Stains on admission. General condition good. No exanthema. The 
tonsils arc markedly enlarged with greyish-white membranes medially 
and necrotic foci. Along both stcrnoclcidomastoids and behind the 
angles of the jaw arc a number of slightly tender lymph nodes. The 
spleen is not palpable. The internal organs are otherwise without 
abnormality. — During the days following the lymph nodes increased 
in size, and on Oct. 19th there were masses the size of an egg on each 
side of the neck. 

Laboratory data. Blood: lib So %, Rbc 4000000, Wbc 15000. 
Differential count: Polymorphonuclears 38 %, Mononuclears 62 % 
(roughly 50 % of these are typical pathological forms). Bunnell & 
Paul test 1/4096 (final dilution). Sedimentation rate 21 mm/i hr 
(Table 1). Wassermann, Kahn and M. B. R. II negative. Urine no 
abnormality. 

The patient left hospital on Oct. 26th, afebrile and with scarcely 
palpable lymph nodes. 

CASE 18. Sabbatsberg Hospital Med. Clin. II 851/1938. A female 
aged 17. 

Previously healthy except for common colds, variccllac, pertussis 
and morbilli. Since a fortnight prior to admission increasing headache, 
and the last three days a temperature up to 38.4° C and a tender 
lymph node on the left side of the neck. Right-sided hcmihypcralgcsia 
since the day before admission. Otherwise no symptoms. 

Status on admission Nov. nth 1939. General condition good. Tempe- 
rature 38.9° C. No exanthema. There is general enlargement of the 
lymph nodes and behind the left angle of the jaw is one slightly tender 
node the size of a hazel nut. Otherwise no abnormality was discovered 
in the internal organs or ncurologically. 

Laboratory data. Blood: Ilh 68 %, Rbc 3700000, Wbc 11500. 
Differential count: Nonsegmented 7 %, Segmented 13 %, Eosinophils 
1 %, Lymphocytes 79 % (almost exclusively pathological forms). 
Bunnell and Paul test 1/2048 (final dilution). Sedimentation rate 8 
mm/i hr (Table 1). Wassermann, Kahn and M. K. R. II negative. 
Urine no abnormality. Biopsy Nov. 15th with removal of a lymph 
node the size of a hazel nut from the left inguinal region. Sec- 
tions of this lymph node show marked hyperplasia and a rather intense 
proliferation of the rcticulo-cndothclial elements in the lymph sinuses. 
These elements consist of large polygonal cells with very large nuclei 
strikingly poor in chromatin and in general provided with a small 
distinct nucleolus. The sections stained with Giemsa show a rather 
large number of basophilic mast cells. In preparations stained to de- 
monstrate plasma cells the picture is dominated by masses of largci 
or smaller cells with reddish granular protoplasm and rather deeply 
stained rounded nuclei. In the smaller type of these cells is often oh- 



served a Radkern arrangement of the chromatin hut in the larger type 
such a structure cannot be demonstrated which makes it seem- probable 
that they arc monocytes. Only sparse numbers of secondary follicles 
are present and in these arc seen occasional mitoses. Cells in mitosis 
are also to be found in several places in the lymphatic sinuses. In a 
number of blood and lymph vessels the lumen is packed almost exclu- 
sively with large and small mononuclear cells. Nowhere is there 
evidence of specific inflammation or of malignancy. The microscopic 
picture corresponds well with that in infectious mononucleosis (Ltno- 
gken). 

On Nov. 21st the spleen was palpable and a jaundice had developed 
(Meulcngracht i : 18, van den Bergh positive, Takata 000232100). 

The patient left hospital on Dec. 9th afebrile and non-jaundiccd but 
with slightly enlarged lymph nodes and 59 % mononuclears still 
present in the blood. 

CASE 19. Scrafimcr Hospital Med. Clin. T 1320/1939. B. G. R. A 
female aged 24. 

Previously always healthy. On Nov. 20th taken acutely ill with 
general malaise, pain on swallowing and tenderness behind the angles 
of the jaw. During the following days increasing fever and oedema 
of the face, especially of the eyelids. Otherwise no symptoms. 

Status on admission Nov. 28th 1939. General condition good. Tempe- 
rature 38.6° C. No exanthema. Pronounced palpebral and periorbital 
oedema. The pharynx and tonsils are intensely reddened, the latter the 
size of walnuts with greyish-white membranes and several necrotic 
foci. Doctor ex ore. Behind and below the angles of the jaw on each 
side of the neck arc a number of slightly tender lymph nodes, freely 
movable and in size up to that of hazel nuts. There are no lymph nodes 
in the axillae or inguinal regions. The spleen is palpable and slightly 
tender. The internal organs arc otherwise without abnormality on 
physical examination. 

Laboratory data. Blood : Hb 85 %, Rbc 4 600 000, Wbc 1 1 000. 
Differential count: Polvmorphonuclcars 30 %, Mononuclears 70 % 
(most of which are pathological lymphocytes of characteristic shape). 
Bunnell Sc Paul test 1/256 (final dilution). Blood cultures still sterile 
on Dec. 22nd. Sedimentation rale 17 mm/i hr. Wasscrmann, Kahn, 
M.B. R. IT negative. Urine no abnormality. 

The patient left hospital Dec. 29th for further care at home. 

CASE 20. Serafimcr Hospital Med. Clin. 11 1327/1939. K. E. A. 
A male aged 23. 

Previously always healthy. Gradual onset on Nov. 22nd and 23rd 
with increasing general malaise, headache, sore throat and pain on 
swallowing so that he took to bed. During the following davs he be- 
came feverish and developed enlarged cervical lymph nodes which 
became increasingly tender. Otherwise no symptoms. 
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Status on admission Nov. 29th 1939. General condition good. Tempe- 
rature 38.6° C. No oedema. No exanthema. The pharynx and tonsils 
are reddened, the latter enlarged and showing necrotic foci. Behind 
and below the angles of the jaw on each side is a mass the size of an 
C SS> composed of a number of soft, freely movable, slightly tender 
lymph nodes. In both axillae and inguinal regions arc a number of 
similar lymph nodes up to the size of beans. The spleen is not palp- 
able. The internal organs are otherwise without abnormality. 

Laboratory data. Blood: Hb 90 %, Rbc 4600000, Wbc 9500. Dif- 
ferential count: Polymorphonuctears 36 %, Mononuclears 64 % 
(numerous pathological cells). Hetero-agglutinin titer according to 
Bunnell & Paul 1/4096 (final dilution). Sedimentation rate 31 mm/i 
hr (Table 1). Wasscrmann, Kahn, M. B. R. II negative. Urine no 
abnormality. Blood culture from Nov. 27th still sterile on Dec. 22nd. 
Excision on Nov. 30th of two cervical lymph nodes the size of beans. 
Microscopic examination: The general structure of the nodes seems 
diffusely obliterated. Within large areas there is a pronounced large- 
celled reaction apparently arising from the sinus endothelium. There 
is an occasional giant cell (Hensciiex). Aerobic and anaerobic cultures 
from the nodes were negative on Dec. 10th. 

The patient left the hospital on Dec. 6th afebrile. 

CASE 2i. Sabbatsbcrg Hospital Otology Clin. 203S/1939. S. T. II. 
A male aged 17. 

Previously healthy. On Dec. 23rd onset with acute general malaise, 
sore throat, chills and rising fever. Temperature about 39 0 C during 
the following days. Otherwise no symptoms. 

Status on admission Dec. 27th 1939. General condition good. Tempe- 
rature 39.i°C. No exanthema. The tonsils are swollen and reddened, 
with large necrotic foci. There arc tender lymph nodes the size of 
large beans behind the angles of the jaw and similar tender lymph 
nodes in the axillae and inguinal regions. The spleen is palpable. The 
internal organs arc otherwise without abnormality on physical exa- 
mination. 

Laboratory data. Blood: Hb 79 %, Rbc 4100000, Wbc 12000. 
Differential count: Polymorphonuclears 11%, Mononuclears 89 % 
(numerous pathological cells). Bunnell & Paul test 1/256, on Dec. 31st 
1/1024 (final dilution). Urine no abnormality 1 . Blood culture still sterile 
on Jan. 31st. Biopsy Dec. 29th with excision of lymph node from right 
inguinal region. Microscopy : The lymph node shows the picture of a re- 
latively' moderate hy'pcrplasia and proliferation of reticulo-endothelia 
elements, especially in the sinus areas of the lymph node. In addition to 
lymphocytes and plasma cells there are profuse number of large mono- 
nuclear cells with nuclei very' poor in chromatin and one or occasional y 
two distinct nucleoli. Moderate numbers of basophilic mast cells are 
especially' to be seen in the Gicmsa stained tissue. The most pronounced 
picture is obtained in the sections stained to demonstrate plasma cells 
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where both the plasma cells just described as well as the large mono- 
nuclear elements stand out clearly due to the red staining of the 
cytoplasm. Careful study under the oil immersion lens shows that a 
large number of the large mononuclear cells are in mitosis. The histo- 
logical picture corresponds well with that characteristic of infections 
mononucleosis. There is no evidence of specific inflammation or of 
malignancy (Lindgren). 

The patient left the hospital Jan. 2nd afebrile but with slight per- 
sistent enlargement of the lymph nodes and with abnormal changes 
in the blood. 

CASE 22. Karolinska Hospital Med. Clin. 1304/1940. K. H. A. H. 
A male aged 23. 

Always healthy previously except for common colds. Onset four or 
five days before admission with general malaise, chills and rising 
fever. Could swallow only fluids the last two days. Otherwise no 
symptoms. 

Sfatus on admission Oct. 3rd 1940. General condition good. Tempe- 
rature 39.1 0 C. No exanthema. The pharynx and tonsils are intensely 
inflamed, the latter showing several necrotic foci and considerable 
peritonsilar oedema. In the supraclavicular fossa, along the sternoclei- 
domastoid, and behind the angle of the jaw on each side there is a 
lymph node mass consisting of a considerable number of soft, slightly 
tender, freely movable lymph nodes up to the size of walnuts. In both 
inguinal regions and axillae are a number of similar lymph nodes, 
in size up to that of beans. The spleen was not palpable on admission 
but could perhaps be palpated on Oct. 8th. The internal organs arc 
otherwise without abnormality on physical examination. The X-rays of 
the lungs show no abnormality. 

Laboratory data. Blood : Hb 84 %, Rbc 4 100 000, Wbc 17 800. 
Differential count: Segmented 17,5 %, Nonsegmented 5 %, Basophils 
0,5 %, Mononuclears 77 % (with numerous typical pathological cells). 
Bunnell & Paul tests gave on Oct. 3rd no agglutination, on Oct. 6th 
T/512 and on Oct. 9th 1/1024 (final dilution; Table 1). Sedimenta- 
tion rate 12 rain/! hr. Wassermann, Kahn and M. B. R. II negative. 
Urine no abnormality. Blood cultures made on Oct. 4th and 5th were 
still sterile on Nov. nth. Biopsy: On Oct. 5th a lymph node was excised 
from the neck of the patient. Microscopy: The architectural structure of 
the lymph node is almost completely obliterated. The areas between the 
vestiges of the follicles are occupied by tissue composed chiefly of large 
clear cells but between which can be distinguished lymphocytes and 
larger cells with nuclei poor in chromatin as well as rather large 
epithelioid elements in profusion. There are occasional mitoses. There 
are a few eosinophils. The picture corresponds to that seen in infec- 
tious mononucleosis (Henschen). Aerobic and anaerobic cultures from 
the excised lymph nodes were still sterile on Nov. 5th. 

The patient left hospital on Oct. 16th, afebrile but with slightly 
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enlarged lymph nodes still present 
fectious mononucleosis. 


as well as the blood picture of in- 


CASE 23. Karolinska Hospital Med. Clin. 319/1941. A female ai 
years of age. 13 . 

Previously healthy. Onset on Feb. 12th with conjunctivitis, oedema 
of the eyelids and an evening temperature of 38.8° C. During the 
following days greater palpebral oedema, headache and increasing 
general malaise. From Feb. 16th tender cervical lymph nodes and from 
Feb. iSth a sore throat with intense pain on swallowing. 

Status on admission Feb. 21st 1941. General condition good. Tempe- 
ratiirc 38-8° C. No exanthema. There is a moderate injection of the 
conjunctivac but heavy oedema of both eyelids. The pharynx and 
tonsils are intensely swollen and reddened, the latter showing several 
necrotic foci. Behind and below the angle of the jaw on both sides 
are three to four soft, slightly lender, freely movable lymph nodes 
ranging in size up to that of a hazel nut. Along both sternocleidomas- 
loids in the axillae and in the inguinal regions are a number of similar 
swollen lymph nodes about the size of beans. The internal organs show 
no abnormality. The spleen is not palpable. 

Laboratory data. The urine is not abnormal. The Wassermann, Kahn 
and M. B. R. II tests are negative. The blood counts may be read off 
in the following table. 
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1 Numerous typical pathological cells in all smears. 


Blood cultures taken on Feb. 22nd and 25th were still sterile on 
March 26th. At biopsy Feb. 22nd a cervical lymph node the size of 
a bean was removed. Microscopy: The sections seem oedematous and 
the general structure of the tissue is diffusely obliterated. There is 
polymorphous interfollicular hyperplasia with great numbers of large 
light cells with large vesicular nuclei and with innumerable plasma 
cells. In the sinuses are lymphocytes, plasma cells and a. small number 
of large histiocytes (Henschen). Microphotograph in ultraviolet light 
Fig. 16. On Feb. 26th the spleen was palpable and the lymph nodes 
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were as before. The tonsils had improved and the necrotic foci were 
gone. On March 4th the spleen was no longer' palpable, there was no 
palpebral oedema and the lymph nodes were decreasing in size. On 
March 9th the patient was symptom- free but slightly enlarged lymph 
nodes and the blood count of ' infectious mononucleosis were still 
present. 

CASE 24. ICarolinska Hospital Med. Clin. 1577/1941. G. O. S. A 
male student 19 years of age. 

Previously healthy. On Sept. 23rd 1941 the patient noticed slightly 
tender lymph nodes on left side of the neck. During the following days 
there was increasing general malaise and headache. On Sept. 29th the 
temperature was 39.4 0 C, the lymph nodes on the left had enlarged 
and new ones appeared on the right side of the neck. There was also 
abdominal pain. 

Stains on admission Sept. 30th. Temperature 38.6° C. No exanthema. 
The pharynx and tonsils arc intensely reddened, the latter with a 
number of necrotic foci. On each side of the neck along the sterno- 
cleidomastoids aYe a number of slightly tender lymph nodes up to the 
size of hazel nuts. They form an egg-sized mass on the left side. The 
preauricular and submandibular lymph nodes arc the size of peas. In 
both axillae and in the inguinal regions are similar, slightly tender, 
soft, bean-sized lymph nodes. The heart and lungs show no abnormality 
on physical or roentgen examination. The spleen is palpable and roent- 
gen examination reveals considerable enlargement (11x22 cm.). The 
liver is not enlarged. 

Laboratory data. Blood: Hb 100 %, Rbc 5600000, Wbc 10000. 
Differential count: Nonscgmenled 5 %, Segmented 21 %, Eosinophils 
1 %, Lymphocytes 70 %, Monocytes 3 % (Table I, Page ). The 
Wasscrmann, Kahn, M. B. R. II and M. K. R. II tests were negative. 
The sedimentation rate and the results of the Bunnell & Paul tests 
are given in Table 1. The blood culture taken on Oct. 3rd when the 
patient had a rectal temperature of 40° C was still sterile on Oct 31st. 

On Oct. 6th the temperature was 37.4 0 C. At biopsy a cervical 
lymph node the size of a hazel nut was removed. Microscopy: Sections 
show a very hyperplastic lymph node with obliteration of most of the 
architectural structure. There is hyperplasia of cells of a large clear 
type. The secondary follicles arc often distinct. Microscopic examina- 
tion of a piece of the right tonsil shows a hyperplastic tonsillitis. The 
picture in the lymph node as well as the tonsil corresponds to that 
seen in infectious mononucleosis (Hensciien). Microphotographs 
in ultraviolet light Fig. 18 — 21. Aerobic and anaerobic cultures from 
the above-mentioned lymph node were sterile on all substrates with 
the exception of one broth in which staphylococcus albus was found. 

On Oct. 17th the patient was discharged afebrile with considerable 
decrease in the size of the lymph nodes and spleen. 
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CASE 25. Karolinska I-Tospitai Otology Clin. 2024/1941. K. 0 . P 
A male aged 23. 

Previously healthy. About 2 weeks before admission acute onset 
with fever and pain on swallowing. Tender cervical lymph nodes the 
last week. Otherwise no symptoms. 

Status 011 admission Oct. 5th I 94 I * General condition good. 
Temperature 40.2 0 C. No exanthema. The pharynx and tonsils are in- 
flamed, the latter considerably enlarged and with several necrotic foci. 
Along the stcrnocleidomastoids on each side of the neck are a num- 
ber of lymph nodes the size of beans. The spleen is not palpable. The 
internal organs are otherwise without abnormality. 

Laboratory data. Blood: PIb 100 %, Rbc 5000000, Wbc 11000. 
Differential count: Nonsegmented 5.5 %, Segmented 34.5%, Lympho- 
cytes 54.5 % (pathological lymphocytes about 21 %), Monocytes 
5.5 % (Table 1). Bunnell & Paul test 1/1024 (final dilution). 
Urine no abnormality. Blood culture taken Oct. 7th still sterile on 
Nov. nth. A small piece of tissue was excised from the tonsils on 
Oct. 8th Microscopy : The mucous membrane shows a definite, in some 
places very dense infiltration with inflammatory cells of different 
types, chiefly lymphocytes. There are isolated plasma cells and 
eosinophils as well as a few histiocytes. There is a small defect in the 
surface epithelium. There is a small crust over the defect and leuco- 
cytes are very numerous beneath it. There is nothing pathognomonic 
of infectious mononucleosis (I-Ienschen). 

The patient left the hospital on Oct. 13th, afebrile, but with slightly 
enlarged lymph nodes and a blood picture with 81.5 % mononuclears. 

CASE 26. Karolinska Hospital Med. Clin. 2050/1941. P. E. W. A 
surveyor 28 years of age. 

Previously always healthy. Onset during the first two weeks of De- 
cember 1941 with increasing general malaise. He played tennis as usual 
up to Dec. 18th when he felt in bad condition during his game. On 
Dec. 20th when he wmnt to bed his temperature was 3^-7 C in the 
morning and 39.4 0 C in the evening and he had a number of slightly 
tender lymph nodes on the right side of his neck. His temperature 
varied the following days between 38.5° and 39 - 5 '° C. His sister a physi- 
cian referred him to the writer on Dec. 24th. 

Status. Dec. 24th 1941. No exanthema. The pharynx and tonsils show 
no abnormality. Supraclavicularly and along the sternocleidomastoid 
on the right side of the neck are about a dozen slightly tender, soft 
lymph nodes ranging in size up to that of good-sized beans. There are 
a number of similar lymph nodes in both axillae and inguinal regions. 
The speen is not palpable. 

Laboratory data. Blood: Hb 114 %, Rbc 5720000, Wbc 18000. 
Differential count: Segmented 11 %, Nonsegmented 4 %, Eosimophils 
2 %, Lymphocytes 74 % (23 % pathological forms), Monocytes 9 %• 
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Helero-agglutinin titer 1/4096 (final dilution). Blood culture still 
sterile on Jan. 30th (growth of rods and cocci in single broth). The 
patient was ordered to remain in bed at home but when in the follow- 
ing days he began to have a sore throat with increasing pain on 
swallowing, a rising temperature and on Dec. 27th 25 900 Wbc, he 
was admitted to hospital the next day. 

Status on admission. Dec. 28th. General condition good. No exanthe- 
ma. There is moderate enlargement of the tonsils which show no necro- 
tic foci. The tonsils and pharynx are reddened. Supraclavicularly and 
along the sternocleidomastoids on both sides there are about a dozen 
soft slightly tender Ij-mph nodes. On the right side they are up to 
bean size and on the left to peas. A number of similar lymph nodes 
are also to be found in each axilla and inguinal region. The spleen is 
palpable. Otherwise the internal organs show no abnormality. 

Laboratory data. Blood: Hb no %, Rbc 5 800 000, Wbc 15700. 
Differential count: Segmented 7 %, Nonsegmented 11%, Lymphocytes 
76.5 % (68 % pathological forms), Monocytes 5.5 % (Table x). 
Bunnell & Paul test 1/4096. Wasscrmann, Kahn, M. B. R. II and M. K. 
R. II negative. Urine no abnormality. Sedimentation rate 15 mm/i hr. 
Blood culture taken Dec. 29th sparse growth of diphtheroids in a 
couple of substrates. At biopsy dec. 29th a mass consisting of some 
five or six lymph nodes up to the size of hazel nuts was removed 
from behind the right sternocleidomastoid. The result of aerobic 
and anaerobic cultures was the growth of staphylococcus albus 
and diphtheroids in one single broth. Microscopy: The tissues show 
hyperplastic lymphadenitis. The intcrfollicular tissues are particularly 
hyperplastic showing large quantities of epithelioid cells, lympho- 
cytes and plasma cells. There arc few neutrophils and almost no 
eosinophils. The picture suggests infectious mononucleosis (Hen- 
sciien). Microphotographs in ultraviolet light Fig. 22 . 

The patient left hospital Jan. 3rd 1942, afebrile and without sub- 
jective discomfort but with slightly enlarged lymph nodes still present. 
The spleen was no longer palpable. Blood: Wbc 9000. Differential 
count: Segmented 2S %, Nonsegmented 2.5 %, Eosinophils 3 %, 
Lymphocytes 65 % (pathological forms 29.5 %), Monocytes 0.5 %'. 
Hetero-agglutinin titer 1/1024. 

CASE 27. Karolinska Hospital Med. Clin. 2074/1941. I. E. H. A 
school girl 13 years of age. 

Always healthy except for common colds. Acute onset Dec. 18th 
1941 with fever, general malaise increasing palpebral oedema and pain 
on swallowing. On Dec. 27th she first noticed a number of small 
tender lymph nodes along the sternocleidomastoids. 

Status on admission. Dec. 30th. General condition good. No exanthe- 
ma. The conjunctivae are inflamed and there is marked oedema of the 
eyelids. The pharynx and tonsils are intensely reddened, the latter 
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considerably enlarged :itnl with a number of necrotic foci. On each 
side of the neck atom: the Mcrnoclrid'iniastoids arc some in to 12 .w>ft, 
no; tender lymph nodes up to the sire of larpo beans, limit inptinnl 
regions and the axillae contain some 2 or 3 similar lymph nodes. The 
spleen js no*, palpable. The internal ot traits are otherwise without ah- 
normality. 

/.ii/’et it/v'ry ibt.’n. Blood: lib <r 1 'V. , Kbc 51m i>oo, \\'bc 113m. Dif- 
ferential count: 5 <i;mcn!ed 15 N'on i ep;ntentetl 5 Hosinophtls 0,5 
I.ymphoeytes yS (pathological forms M.3 f / ( ), .Monocytes 1 
Plasma cell; 0,5 Hctero-atrirhiritiin titer according in Bunnell k 
Paul t/to2 1 (final dilution; Table 1). Sedimentation rate t.* f nint/t 
hr. Was-ermamt, Kahn, M. !’>, B. 11 and M.K. K. II tests negative. 
I 't ine tin; abnormal. Blood cultures from Dec. 31st and Jan. 2nd still 
sterile on Feb. Jotlt. At hmp-y Jan. 2nd were removed some lymph nodi 5 
the sice of pias from the left supraclavicular fo»sa. Aerobic and anaero- 
bic cultures were 'till sterile on Jan. 25th (some sparse dipbtlteroid co- 
lonies ott mti aerobic blood attar plate were most certainly contamina- 
tion). Xu microscopic examination was made. Microplintnjjraphs in 
nUr.tviole; iit;b<t Fit;. 23 — 25. 

The patient left tin- hospital on Jan. Hth t<).?2. afebrile and without 
subject!' e discomfort but with sh‘t;ittiy enlarged lymph nodes still 
present. 
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INTRODUCTION 

The “blood sinking reaction” or “blood sedimentation lest” 
which is of greatest significance for practical and theoretical 
medicine may best be characterized as a simple sedimentation 
experiment with an aggregating suspension. After addition of a 
substance inhibiting coagulation and careful mixing, the blood 
is sucked up into a vertically placed glass tube, and the thickness 
of the plasma layer above the sediment of the corpuscles is ob- 
served at a given moment. 

The present thesis deals with the mechanism of the sinking 
reaction, especially with eiylhrocyle aggregation. The relation 
of this reaction to various physiological and pathological states, 
however, is disregarded. 

In the treatment of biological problems, a frecpienlly chosen 
way out is the purely experimental method. As a rule, the task 
of the practician is ended with the production of the respective 
phenomena under a number of different experimental conditions 
and a detailed description of his observations. In the field of 
biological research, the productiveness of an exchange between 
experiment and theory — characterizing pure physics — is not 
yet satisfactorily discerned. With the questions “why” or “how” 
the investigations approach the field of theory with its, for 
the moment, more or less realizable possibilities of checking. 
The scientific theory is always directly or indirectly based upon 
certain experimental, facts, endeavouring to search for new re- 
medies of rational mathematical investigations on the basis of 
already known natural laws. The practician’s lack of interest 
in theoretical problems ollcn originates from a wanting in 
scientific imagination and an insufficient understanding of 
mathematical symbols. The theory only enables us to decide 
whether “ideal” experimental conditions were chosen, and tile 
theory turns our attention towards new experimental possibil-' 
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itles. In contrast herewith, the empirist is working blindly, since 
innumerable possibilities must be tried instead of a few well- 
weighed combinations which arise from a reasonable working 
hypothesis. 

Since a complete experimental and theoretical study of the 
“blood sinking reaction” cannot be carried out by one invest- 
igator within a reasonable lime, the author decided to elucidate 
the problem by theoretical considerations and orientating ex- 
periments. Because of this dualism between experiment and 
theory the presentation may appear diffuse and circumstantial. 
With respect to a x-cader interested in natural science who is 
not confident with biological problems, it is necessary to describe 
parts of the literature on “blood sedimentation” in general, a 
description which certainly appears trivial to the biologist. On 
the other hand, the biologist claims a somewhat popularized de- 
scription of the theoretical treatment of the problems which, 
therefore, may seem rather trivial from the view of a mathema- 
tician. 

As indicated in the respective sections, the results of some of 
the theoretical investigations have been published previously as 
preliminary works to the present thesis. 

Among the results of the present investigation the most import- 
ant point may be emphasized. It has been possible for the first 
time to give a mathematico-physical description of the forces 
which give rise to the conglomeration of the red blood corpuscles, 
viz. their so-called “rouleaux formation.” 

Presenting this hook to the reader, it is therefore tempting to 
cite Newton whose thoughts completely represent our view of 
the world on macro- and microsystems “Many things move me 
to suspect that everything (natural as well as mechanical ) depends 
upon certain forces, in virtue of which the particles of bodies, 
through forces not yet understood, arc either impelled together . . ., 
or are repelled and recede from one another". 



Section I. 

THE PRINCIPLE OF BLOOD SEDIMENTATION. 

§ 1. CHARACTERISTIC FEATURES FROM THE 
HISTORY OF BLOOD SEDIMENTATION. 

A detailed review of the history of the blood sedimentation 
phenomenon is superfluous, since R. Faliracus gave a masterly 
description of these phenomena in 1921 (109). The author will 
therefore confine himself to a few particularly characteristic 
features. 

The tendency of the erythrocytes to cluster together with their 
flat sides against each other was already known to the most 
ancient investigators ( Dc Scnac, 1749 (377), Della Torre, 1776 
(417), IV’. Hcwson, 1777 (198), E. Home, 1818 (202) ). Hcwson 
compared the erythrocytes with piles of coins “ red part- 
icles of blood with their sides parallel like a number of 

coins”. Already in the early literature, the pronounced aggrega- 
tion of the erythrocytes in pathological blood is described. John 
Hunter (207), for example, mentions this phenomenon in his 
lectures, 1786, as follows: “In all inflammatory dispositions in 
the solids, whether universal or local, the blood has an increased 
disposition to separate into its component parts, the red globules 
become less uniformly diffused, and their attraction to one an- 
other becomes stronger, so that the blood, when out of the vessels, 
soon becomes cloudy and muddy and dusky in its colour, and 
when spread over any surface it appears mottled, the red blood 
attracting itself and forming spots of red”. 

From the illustrious monography “Das Blul”, 1836, by the 
German haemalologist Hermann Nassc (293) it is also apparent 
that the most important features in the blood sedimentation, 
viz. the aggregation of the corpuscles, was a well-known phenomen- 
on. Loc. cit. p. 34 leads as follows: “Um das von Schroedcr van 
der Iiolk (1820) beschricbcne Phanomcn der Flockcnbildung 

l* 
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wahrzunehmen, bedarf es keineswegs eines Mikroskops. Schon 
mit blossen Augen bemerkt man, wie dies auch der genannte 
Beobachter erwaknt, dass liberal 1, wo wegen Enlziindung die 
Ader geoffnet wird, an den Streifen, welclie von den Randern 
des auffangenden Gefasses abfliessendes Blut, selbst wenn cs 
auch gar nicht faserhautig ist, zuruck lasst, Fiocken oder kleine 
rote Punkte entstehen, die durch klare Lympke von einander ge- 
trennt sind”. The most important result of Nasse' s investigations 
was his theory on blood sedimentation (loc. cit., p. 236): “Bei 
der mikroskopiseken Untersuckung des Blutes hatte ich gefunden, 
dass die Korncken, je mehr sick ihrer verbinden, desto schneller 
zu Boden sinken und dass ganz besonders in dem faserhiiutigen 
Blute die Neigung sick zu vereinigen auffallend gross ist, sowohl 
in dem frischen als in dem geschlagenen”. Acme (loc. cit., p. 220), 
as earlier Hewson, clearly understood that the- sedimentation 
phenomenon and the differences in the specific gravity of corp- 
uscles and plasma do not stand in any close relation. Furthermore, 
he investigated the retarding influence of salts and the promot- 
ing influence of gum arabic on the aggregation of the corpuscles 
(loc. cit., p. 231). In the wonderfully detailed description of the 
problem of blood sinking given by Nasse we find, moreover, some 
observations on the effect of shaking (loc. cit., p. 86) and temper- 
ature fluctuations (loc. cit., p. 212) on the sedimentation velocity. 

At a later period, F. Henle, 1841 (187), and Jones, 1843 (214), 
discovered the parallelism between sedimentation velocity and 
aggregation, and in 1845, Gulliver (164) pointed out that the 
rapid sinking of horse blood is due to a physiological, very pro- 
nounced aggregation of the corpuscles. Gulliver noticed, further- 
more, that the corpuscles of fresh or newly shaken blood sedi- 
ment much more slowly in the beginning than later, in accord- 
ance with the fact that the aggregation takes a certain time to 
occur. The Danish physiologist P. L. Panum, 1851 (323), who 
was keenly interested in the study of blood, discovered (in 
analogy to Nasse ) the influence of rouleaux formation (piles 
of coins) on the sinking velocity and the thickness of the huffy 
coal. He rejected Henle' s stickiness theory of the aggregation and 
emphasized the advancing influence of fibrin on the aggregation. 
Apart from the agglomeration, a decrease in the number of 
erythrocytes causes a more rapid sedimentation and a thicker 
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crusla (if the coagulation of the blood does not occur too rapidly) 
so that repealed bleedings cause an increasing instead of a de- 
creasing crusla. 

J. Dogiel, 1879 (83), revealed that the normal aggregation 
phenomenon was extremely pronounced in the blood of a patient 
suffering from pneumonia. Ph. Eisenbcrg, 1903 (100), noticed a 
marked conglomeration of the red cells in a case of pyocyanous 
infection. E. Bicrnacki, 189-1 (33), found, as already shown by 
Hctvson, a less pronounced rate of sedimentation of dcfibrinaled 
than of non-defibrinated blood. In 1897 (34), the same author 
published a work titled “Die sponlane Blulsedimentierung als 
einc wissenschaftliche und praktisch-klinische Unlcrsuehungs- 
methode” describing a method of investigation of the blood 
sinking in a number of diseases. Bicrnacki found the relation be- 
tween the content of fibrin and blood sinking. In most of the 
diseases investigated the sinking velocity was increased. 0. 
Miillcr, 1898 (292), applied a technique similar to that used by 
Bicrnacki. H. Brat, 1905 (46), investigated the effect of an addi- 
tion of sodium chloride, gelatin or gum arabic on the blood 
sedimentation test of various animals. A. IK Scllards, 1908 (376), 
studied the effect of serum inactivated by heat on the rouleaux 
formation. L. Berczcllcr and E. Stankcr, 1917 (25), reported the 
change of the rate of sedimentation after healing the blood (horse, 
sheep, and pig) to different temperatures. J. dc Haan, 1918 (169),. 
showed that the rapid sinking velocity of horse blood is caused 
by an intense rouleaux formation and that this rapid sinking 
can be annulled by adding a physiological sodium chloride 
solution. 

The few publications in the period between 1850 and 1918 in- 
dicate a decreasing interest in the problem of blood sediment- 
ation, and with the prosperity of cellular pathology these works, 
just as the earlier ones, fall into oblivion. Also L. Hirschfeld's 
demonstration of increased sinking speed in malaria, 1917 (201), 
is forgotten in spite of his prophecy of the importance of blood 
sinking as a method of clinical research. Not before R. Fdliraciis' 
communication of a new pregnancy reaction, 1918 (107, 108), 
and the publication of all his results, 1921 (109), was the sedb 
mentation lest revived to a completely unexpected extent. 

Since most of the very extensive literature on blood sediment- 
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ation deals with the reaction of blood sinking in physiological 
and pathological states, we may confine ourselves to referring to 
the valuable reviews by R. Fahraeus, 1921 (109) and 1929 (llo), 
A. Westergren, 1924 (436), G. Katz and M. Lcffkowitz, 1928 
(221), R. Hober, 1928 (205), M. Lejfkowitz, 1932 (249) and 
1933 (250), and H. Reichel, 1936 (351). In the following, almost 
exclusively such publications will be cited which deal with the 
physico-chemical conditions of “rouleaux formation.” 

§ 2. DEFINITION OF THE PHENOMENON 
“ROULEAUX FORMATION”. 

Since the clustering together of the red blood corpuscles, the 
so-called haemagglutination, appears in different ways, the in- 
dividual aggregation process can only be defined if it is produced 
under well-known experimental conditions. It is thus necessary 
for a definition of the “rouleaux formation” to describe the 
principles of the various types of haemagglutination. 

We differentiate between normal agglutination and immune- 
agglutination. 

Normal agglutination is found to occur partly as an agglutina- 
tion of blood corpuscles from one species in the serum of another 
species — heterologous agglutination — , partly* as an agglutina- 
tion of blood corpuscles from one individual in the serum of 
another individual of the same species — homologous agglutina- 
tion or iso-agglutination — and, finally, as an agglutination of 
an individual’s corpuscles in the serum of the same individual 
— auto-agglutination. 

Immune-agglutination appears in the serum of an animal after 
parenteral treatment with blood corpuscles of another animal 
whose corpuscles were introduced. 

Iso-agglutination is caused by a specific antibody — agglutinin 
anti-A or anti-B bound to the corpuscles which are provided 
with receptors A and B, respectively* — and may be described 
by a number of characteristics. The aggregation is completely* 
irregular, the corpuscles clustering quite arbitrarily together, in 
contradistinction to the cylindrical conglomerates of rouleaux 
formation. The reaction is furthermore type-specific, i. e. iso- 



7 


agglutinin anti-A and anti-B do not affect the erythrocytes of the 
same individual or the same group. 

The agglutinating serum loses its ability to agglutinate when 
coming into contact with homologous erythrocytes. The adsorbed 
agglutinin can be split off again by heating. Shaking or centrifug- 
ing increases the aggregation velocity. Shaking does not annul an 
agglutination which has already occurred, hut produces at the 
most a slight reduction of the extent of aggregation. Even dilute 
suspensions of blood corpuscles (in physiological sodium chlor- 
ide solution) agglutinate well, and a subsequent dilution does 
not destroy the existing agglutination. The reaction is very pro- 
nounced in the cold or at room temperature and somewhat 
weaker at body temperature. An increased electrolyte concentrat- 
ion restrains or inhibits the rouleaux formation while the iso- 
agglutination is much less suppressed, it may even be promoted 
(V. Forssman, Tlu Wadstcin and G. Fischer, 1930 (119) ). 

Those agglutination processes which appear in the cold are 
called cold-agglutinations. Among these, we must first of all men- 
tion the physiological auto-agglutination without haemolysis (P. 
Levine , 1928 (251), K. Kcllcl, 1930 (224), P. Steffan, 1932 (393) ). 

In the cold, agglutinin is adsorbed by the erythrocytes and is 
split off again during a slight increase in temperature. Agglutinin 
affects not only the individual's own blood corpuscles but also 
those of other individuals. The most favourable temperature 
range for aulo-agglulination is between 0 0 and 5 °G. An increase 
of the so-called thermo-amplitude, i. e. of the temperature range 
in which agglutination may occur, is found to take place in a 
number of morbid states. (For further literature, cf. P. Levine, 
1928 (251) ). 

Auto-agglulination as well as iso-agglutination resist moderate 
dilution with physiological sodium chloride solution. A strict 
distinction of the cold-agglutinins as auto- or iso-antibodies is not 
feasible since, as already mentioned in the discussion of auto- 
agglutination, cold-agglutinins are known which also affect the 
blood corpuscles of other individuals (cf. the special serological 
literature). 

Furthermore, Thomscn-Friedcnrcich's phenomenon has to be 
mentioned (0. Thomsen, 1926 (410) and 1929 (412), V. Frieden- 
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reich, 1927 (135), P. Steffan, 1932 (393), and E. Witebsky, 1932 
(452) ), viz. the unspecific agglutination of stored blood corpuscle 
suspensions caused by agglutinin which has been produced by 
the enzymatic effect of certain bacteria. 

A number of authors denoted the aggregation of serum-free 
suspensions of blood corpuscles in isotonic cane sugar-, mannite- 
or similar solutions as spontaneous agglutination, presumably 
being the effect of decreased electrolyte concentration, but scar- 
cely a true agglutination (cf. § 10 “The effect of the electrolyte 
content on aggregation”, p. 22). 

Pseudo-agglutination in a wider sense comprehends all types 
of agglutinations which might be mistaken for true agglutinations 
(iso-agglutinations), most frequently, however, the rouleaux 
formation. 

Pseudo-agglutination in a narrower sense includes the disturbed 
rouleaux formation with irregular, non-rouleaux shaped con- 
glomerates, as found in very marked rouleaux formations as a 
consequence, for instance, of a high concentration of blood 
corpuscles, or in a slight dilution of plasma with sodium chloride 
solution (cf. E. Ponder's interpretation discussed on p. 41). 

The rouleaux formation is quite different from iso-agglutina- 
tion, primarily because of the lack of absorbable agglutinin. The 
use of the word agglutination synonymous with rouleaux forma- 
tion — as done by Hober's school — is therefore inadequate. 

In a morphological respect, the regular rouleaux formation 
may be distinguished clearly from the irregular aggregations of 
the true agglutinations. A slight dilution with physiological sodium 
chloride solution already diminishes or inhibits rouleaux formation, 
thus malting it clearly distinguishable from iso-agglutination (S. 
Hesser, 1924 (195) ). Even somewhat violent shaking inhibits 
rouleaux formation. According to most investigators, an increase 
in temperature accelerates the rouleaux formation (cf. the author s 
divergent meaning, p. 166); cooling down does not counteract the 
rouleaux formation. 

In order to distinguish pseudo-agglutination from true agglutin- 
ation, L. Lattes, 1925 (244), applied suspensions of blood 
corpuscles in lecithin sol where the corpuscles become spherical 
and do not form rouleaux. In investigations of rouleaux 
formation at lower temperature, the cold-agglutination must 
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certainly be kept in mind, since these processes affect one an- 
other in spite of being quite different. According to 0. Thomsen, 
1928 (411), a pronounced rouleaux formation favours the cold- 
agglutination at room temperature. A given serum showing 
marked agglutination at room temperature with the blood corp- 
uscles of one individual often exhibits a transition from agglutina- 
tion to rouleaux formation with the blood of other persons. 
Heating of the preparation to 35 °C (the slide being held over a 
microburner) causes an immediate cessation of the agglutina- 
tion which reappears almost completely after cooling down. If 
this procedure is repeated three or four times, the picture cor- 
responds more and more to a regular rouleaux formation. In 
certain cases, cold-agglutination fails to appear when the blood 
corpuscles are kepi in lecithin sol inhibiting rouleaux formation 
which, therefore, must be considered a promoting factor. Some 
observations similar to Thomsens were made — though not 
constantly — by li. Keitel, 1930 (224). A suspension of erythro- 
cytes in a 3 per cent gelatin salt solution revealed beautiful rouleaux 
formations; it was not possible, however, to obtain agglutina- 
tion in this medium and, consequently, these experiments were 
not suited to support Thomsen’s assumption. 

A detailed review of the literature on the definition of rouleaux 
formation including especially the older works from this field 
may be found in G. Wallher’s excellent survey, 1929 (430). 


§ 3. WHAT ARE THE FACTORS DETERMINING BLOOD 

SEDIMENTATION? 


Stokes’ formula. 

The rale of fall of a small sphere in a viscous fluid can be cal- 
culated by means of Stokes’ formula (cf. § 20 “Colloidal stability 
etc.", p. 50): 


2 (D — d) g 

Sri 


or) 


where v is the rate of fall of the sphere, D and d are the specific 


*) In the following two sections, the mathematical formulas are marked 
with successive numbers. For the sake of clearness, however, the enumeration 
of the formulas of section III begins with No. 1. The same applies for sec- 
tion IV. 
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gravity of the sphere and the medium, respectively, g i s the 
gravitation constant, g the internal friction of the fluid, r the 
radius of the sphere, and C a constant. 

As a simplification, the individual erythrocytes and their aggre- 
gates may be considered spherical and, thus, the above mentioned 
expression is a suitable basis for the discussion of the influence 
of various physical magnitudes on lire sinking reaction (cf. the 
following paragraphs). Stoke’s modified formula has often been 
applied to this purpose, first by R. Fdhracus, 1921 (109), later 
by IV. M. Bendien, J. Neuberg and I. Snapper 1932 (21), and 
others, but, as a matter of fact, a quantitative calculation of the 
blood sinking on the basis of this formula is hardly possible. 

§ 4. THE INFLUENCE OF AGGREGATION (ROULEAUX 
FORMATION) ON BLOOD SEDIMENTATION. 

Table 1 shows clearly that aggregation has by far the greatest 
influence, since the sedimentation velocity of the conglomerates 
increases with the square of the radius. 

Tabic i. 


The influence of the aggregation on blood sinking. 
(According to R. Fdhracus, 1921 (109) ). 


Aggregation 

Average number 
of corpuscles 
per aggregate 

S. Odin's 
\ equivalent 
radius*) 

Sinking reaction 
in 

mm/1 hour 

None 

i 

warn 

0,2 

Some , 

11 

■SI Kir 

1 

Very intense 

58000 


75 


*) See p. 51. 


A greater tendency to rouleaux formation produces a more 
rapid sedimentation ( F . Henle, 1841 (187) ); the extent of rouleaux 
formation is proportional to the blood sinking (I?. Fahraeus, 
1921 (109), V. Siracusa, 1924 (379), and many others). On the 
basis of this fact, some investigators ( E . Sahlgrcn, 1931 (364), 
N. Eklund, 1931 (101), P. von dcr Frappcn, 1938 (122) ) tried 
to replace the sedimentation reaction by a quicker "agglutina- 
tion test”. 
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The aggregation is affected partly by the properties of the 
blood corpuscles and partly by the properties of the plasma. 
This may be proved by exchange experiments where the blood 
corpuscles (constant volume concentration) of one individual 
form a sediment in the plasma of other individuals belonging 
to the same or to different species, and vice versa. ( G . Linzen- 
meyer, 1921 (260), R. Fahraeus, 1921 (109, p. 114), E. Abder- 
haldcn, 1922 (1), J. de Corral and I. Villalonga, 1932 (68), J. 
Zozaija, 1937 (458), R. Bogaert, 1937 (39), E. Gripwall, 1938 
(162), G. Tronnberg, 1939 (419), and many others). 

The varying sinking velocity of blood of different species is 
due mainly to a greater or smaller aggregation tendency of the 
respective erythrocytes (Id. Nassc, 1836 (293), V. Siracusa, 1924 
(379), Zoit, 1930 (459) ). 

Corral and Villalonga ( loc . cit .) succeeded in proving the in- 
fluence of the aggregation tendency by means of exchange ex- 
periments with plasma and blood corpuscles of different species. 
On the basis of their results, these authors differentiated between 
rapidly or slowly sedimenting blood corpuscles (for instance, 
horse- and sheep blood corpuscles, respectively). 

Independent of the disturbing influence of agglutinins and 
lysins (cf. later). Id. L. White and B. Monaghan, 1936 (443), 
demonstrated this fact producing a sedimentation in an artificial 
plasma (1 per cent gelatin dissolved in a 0.9 per cent sodium 
chloride solution which was brought to p a 7.4 by adding a N/50 
phosphate buffer). 

Within the same species, the aggregation tendency is almost 
exclusively determined by the properties of the plasma. 

R. Fahraeus, 1921 (109, p. 114), found that blood corpuscles 
from blood with different sedimentation velocity transferred to 
the same plasma show the same sinking velocity. 

R. Bogaert, 1937 (39), confirmed Fahraeus’ results in exchange 
experiments with blood corpuscles from the stable umbilical vein 
blood of the foetus and blood corpuscles from the instable blood 
of the mother. 

In rare cases only, the changes of the sedimentation reaction 
are caused by changes of the surface properties of the erythro- 
cytes (J. G. Stephens, 1938 (394), G. Tronnberg, 1939 (419), and 
furthermore E. Gripwall, mentioned p. 13). 
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All factors promoting aggregation increase the sinking velocity*). 
Through exchange experiments with plasma and erythrocytes 
from different anaemia patients etc. it is clear that blood of the 
same blood groups must be employed, since the specific haemag- 
glulination also increases the sinking velocity. (/. Freuchen, 
1926 (124), F. Sander and M. Sander, 1939 (365)). 

According to Ii. Rcichcl, 1936 (351), the different sizes of the 
erythrocyte aggregates must bo considered the cause of the diffuse 
interface (cf. p. 40) found at relatively high sinking velocities. 
(For further literature, cf. E. Gripwall, 1938 (162)). 


§ 5. THE INFLUENCE OF SHAPE, SIZE, AND SPECIFIC 
GRAVITY OF THE BLOOD CORPUSCLES. 

Changes in shape, size, and specific gravity of the erythrocytes 
arc only of negligible importance compared with rouleaux 
formation. 

From ancient times (J. Lister, 1858 (263), M. Hcidcnliain, 
1904 (1S4) ), the disc form of the erythrocytes was considered 
the main condition for rouleaux formation. L. Lattes, 1925 
(244), emphasized that an alteration of the shape in the direction 
of spherocytosis, where the contact surfaces are reduced, inhibits 
rouleaux formation. 

Neither the slightly biconvex, nucleated blood corpuscles of 
the frog (Lister, Ranuier) nor the young erythrocytes (normoblasts) 
foi'm rouleaux (R. Dencke, 1913 (23), J. G. Stephens, 1938 (394), 
E. Gripwall, 1938 (162) ). Spherical erythrocytes in hypotonic 
salt solutions (Robin, 1858 (355) ) or in blood which had been 
stored for some lime (Lattes') do not aggregate. Thorn-apple 
shaped erythrocytes (i. e. because of the hypertonia of the sus- 
pension fluid) lose their aggregation ability (L. Lattes, 1925 (244), 
Wiltshire, 1912/13 (451)). 

*) Addendum: In rare cases, a vastly increased sedimentation rate may be 
caused by pathological cold-agglutination. This may be proved by direct mi- 
croscopy of the blood and by a comparison of the sedimentation tests at 
room temperature and at 37° C. If the increased sedimentation rate is due to 
cold-agglutination, the rate of sinking will decrease instead of increase with 
increasing temperature (cf. C. U. Jessen and J. Bing, Acta mod. scand. 105, 
279, 1940). 
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Vanlair and Masius, 1871 (427), observed a lack of rouleaux 
formation in a case of icterus haemolyticus with spherocytosis. 
However, the aggregation of the spherocytes which characterize 
the hereditary haemolytic icterus has been observed by E. Grip- 
wall (162) who was especially interested in this phenomenon. 
In the case of haemolytic jaundice, a varying tendency to rouleaux 
formation was found, but the more pronounced the splierocjdosis, 
the more atypical is the microscopic picture. Because of the altered 
shape of the cells, the erythrocytes cannot form piles of coins, 
but cluster together to greater or smaller coarse conglomerates 
containing corpuscles of varying shapes, viz. bell-shaped and pear- 
shaped corpuscles. The increased sinking reaction present in 
numerous cases of hacmotylic icterus must be caused by an in- 
creased aggregation tendency; during the haemolytic crisis, the 
sinking velocity is increased. By means of exchange experiments, 
Gripwall succeeded in proving that the increased aggregation 
tendency originated from changes of the surface properties of 
the erythrocytes. 

During aniso- and poikilocylosis, the rouleaux formation be- 
comes irregular but is not completely inhibited ( Wiltshire , 1912/ 
13 (451) ). 

In agreement with Stokes' modified formula, greater erythro- 
cytes sediment more rapidly than smaller ones (K. Biirker, 1922 
(61), and others). 

With increasing content of carbon dioxide in the blood, the 
erythrocytes increase in size and they approximate the spherical 
shape; in spite of this fact, the sinking is reduced. The influence 
of the shape on the aggregation has already been described, the 
effect of the carbon dioxide content on the blood viscosity will 
be discussed later (p. 27). 

According to Stokes’ formula, the sedimentation velocity of 
blood corpuscles and their aggregates is proportional to the 
difference in specific gravity relative to that of the plasma. If the 
sedimentation is accelerated by centrifuging, the difference in 
specific gravity is more obvious. Taking the same erythrocyte 
volumina from different heights of a centrifuged blood sample 
and suspending them in plasma, E. Abderhalden, 1922 (1), found 
an increased sinking velocity of the erythrocytes from the bottom 
of the centrifuge tube. 
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M. Bonniger and W. Herrmann, 1924 (45), investigated per- 
nicious anaemia blood and found the greatest cells and those 
rich in haemoglobin at the point of the centrifuge tube. The 
experiments of these authors led to the same results as Abder - 
halden's . In pernicious anaemia, the specific gravity of the blood 
corpuscles is always increased while it is often decreased in the 
case of simple, secondary anaemia. (C. Oestreich, 1931 (306), and 
G. A. Lindeboom , 1934 (256)). 

In a suspension of red blood corpuscles in Hayem’s solution, 
where the aggregation is annulled, the sinking speed at a con- 
stant cell volume was proportional to the index colorimetricus 
(M. Ohno, 1926 (308), W. Bendien, J. Neuberg and J. Snapper, 
1982 (21) ); the empirical formula for the rate of sedimentation 
includes the colour index as a constant. 

The specific gravity of normal erythrocytes varies between 
1.085 and 1.094 at 18 °C. (The figures are taken from Bendien, 
Neuberg and Snapper (21) who also discussed the blood sinking 
on the basis of Stokes' formula). The specific gravity of the plasma 
varies between 1.025 and 1,026. The difference of the specific 
gravities, D-d of Stokes' formula, is thus 0.065. In cases of severe 
pernicious anaemia, the specific gravity of the plasma may de- 
crease to 1.022 and that of the erythrocytes may occasionally 
increase to 1.100, D-d — 0.088. In a secondary anaemia with 
the plasma specific gravity 1.022 and the erythrocyte specific 
gravity 1.068, D d becomes 0.046. The variations of the factor 
D-d are thus not quite unessential. 

§ 6. THE INFLUENCE OF THE ERYTHROCYTE CONCEN- 
TRATION (WITH A POSSIBLE CORRECTION). 

The concentration of the blood corpuscles essentially determin- 
ing the viscosity of the whole blood is of great influence on the 
sedimentation test. 

Already R. Fahraeus (109) emphasized that the sinking re- 
action decreases or increases with increasing or decreasing 
amounts of blood corpuscles; numerous authors, among whom 
M. Bonniger and W. Herrmann, 1923 (44), A. Westergren, 1924 
_{436, p. 628), H. C. Gram, 1928 (159), M. D. Rourke and A. C. 

" L*tene, 1930 (360), and A. C. R. Walton, 1933 (431) being 
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the most important names, attempted to correct the sinking re- 
action for the variation in the erythrocyte concentration. 

While many authors thus realized the influence of the number 
of erythrocytes on the sinking reaction because of changes in 
viscosity of the whole blood, only a few (A. Sellar ds, 1908 (376), 
E. Ponder, 1926 (333) ) understood that also the rouleaux forma- 
tion is affected by changes of the erythrocyte concentration. In 
other words, an alteration of the blood corpuscle concentration 
changes both the extent of aggregation of the erythrocytes and 
the viscosity of the whole blood. Finally, it is clear that the extent 
of aggregation in various plasmas — due to the different aggrega- 
tion capacity — varies with the eiylhrocyte volume. 

The principle of H. C. Gram's method of correction (159) is 
so fine that it seems worth while discussing it in detail. 

H. C. Gram plotted a series of empirical curves by determin- 
ing the 1 hour sinlcing of blood samples with different sediment- 
ation velocities at different volume concentrations of the erythro- 
cytes, the latter being produced by diluting the blood with its 
own plasma. The results were plotted in a coordinate system 
with the sinking velocity in mm. as axis of ordinates and the 
cell volume per cent — expressed by per cent of haemoglobin — 
as axis of abscissae. 

At a given volume per cent (or per cent haemoglobin, respective- 
ly) a given extent of erythrocyte aggregation corresponds to a 
well-defined sinking. The empirical curve through the point 
corresponding to this sinking and volume per cent corresponds 
to a given aggregation capacity of the plasma. 

The performance of the correction : The 1 hour sinking of the 
blood sample and the volume per cent of the cells is determined 
(the latter by means of the haemoglobin per cent). The empirical 
curve through the point corresponding to the measured sinking 
and volume per cent is found, and this curve is followed to the 
point of intersection with the correction line which corresponds 
to 43 volume per cent. There, the corrected sinking is read directly. 

Thus, Gram’s results arc valid in the case of blood samples 
shoving the same sinking velocity at the same haemoglobin per 
cent (volume per cent). A comparison of the corrected sinking 
velocity of different blood samples and their true sinking at 43 
volume per cent showed good agreement of the results. 
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in a later paper from 1929 (ICO), Gram attempted to employ 
the correction method on a greater clinical material. According 
to the early observations by ]'. Bcnnighof, 1921 (24), and the 
recent investigations by A. Wcstcrgrcn, II. Thcorcll and G. Wid- 
slrom, 1991 (497), H. Lcbcl and M. C. Lotlrup, 1999 (240, 247), 
//. Retch cl and van dc Sladl (952), the non-correcled sinking 
represents more satisfactorily the clinical stale of the patients 
than the corrected sedimentation value. 

In spite of the fact that the correction method seems to be less 
applicable to clinical work, its scientific value is indisputable, 
since the method in a simple way takes into account both prin- 
cipal factors of the sinking reaction: the erythrocyte aggregation 
and the internal friction of the total suspension. 

In the technique usually applied to blood letting, where a 
certain amount of citrate or oxalate solution is added to a given 
volume of blood in order to prevent coagulation, the electrolyte 
content of the plasma and its dilution with respect to the protein 
content is changed due to the different cell volume. However, 
these circumstances will be of great importance, since the aggrega- 
tion is markedly sensitive to electrolytes ( cf p. 22). 

In order to improve II. C. Gram's correction method, .1/. Jcrsihl, 
1994 (219), has developed a new method with special regard to 
the electrolyte content, where the sinking velocity is measured 
directly at 49 volume per cent of erythrocytes. 


8 7. THE VISCOSITY OF THE WHOLE FLOOD. 

Since the whole blood forms the medium in which the aggre- 
gates sediment, the viscosity of the whole blood and not that of 
the plasma must be introduced into the formula of the sediment- 
ation velocity; nevertheless, the formula remains valid, as stated 
by K. Cunningham, 1910 (72). (cf. the detailed discussion of 
Stokes' formula, p. 52). 

While the viscosity of normal blood is about 4.5, the viscosity 
during anaemia can decrease to 2.9 and during polyglobuly it 
can increase to 0.0. The relative, viscosity of the plasma amounts 
to 1.7 — 2.0, the absolute viscosity of water, which forms the 
unit of the relative measure, being 0.01 00 Poise at 18°C. 

The viscosity of the blood is primarily determined by the 
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volume concentration of the erythrocytes and by the viscosity of 
the plasma; furthermore, it depends upon the gas content of the 
blood and on the special properties of the red cells. 

Within a wide range, J. lV r . Trcvan, 1918 (418), found pro- 
portionality between the viscosity of the blood and the plasma 
as long as the volume concentration of the erythrocytes was 
kept constant. 

The immense significance of the number of blood coi'puscles 
for the viscosity of the whole blood has been understood by 
numerous investigators. With increasing number of erythro- 
cytes the viscosity increases rapidly. 

In agreement with A. Einsteins malhemalico-physical viscosity 
formula for suspensions, (190G (96) and 1911 (98) ), • 

k . = 1 + 2.5 <f>, (2a) 

A 

where /e* and I: are the friction coefficients of the suspension 
and the fluid, respectively, and (f> is the volume per cent of the 
suspended material, the viscosity is not only a function of the 
number nf particles but dependent on the volume concentration. 

In the case of concentrated emulsions, E. Hatschck, 1920 
(181), obtained the following equation: 

= k V, (2b) 

1 - |'V* 

taking into account the deformation of the drops in the disperse 
phase and the displacement of the liquid in the thin layers be- 
tween the drops. J. W. Trcvan, 1918 (418), and later E. Hatschck, 
1920 (181), found this formula to fit rather well the properties 
of suspensions of blood corpuscles. 

The viscosity of the disperse phase does not enter Hatschck ' s 
formula (in casu blood corpuscles) which, however, involves 
the condition that the particles arc readily deformable. 

L. Berczcllcr and II. Wastl, 1924 (29), found a suspension of 
yeast cells in scrum to have a much greater viscosity than blood 
corpuscle suspensions in the same serum and at the same volume 
concentration. This result indicates that elasticity and deform- 
abilily of the particles play an enormous part in the viscosity 
of suspensions. 


Jnrgrn E. Thygescn. 


o 
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R . W. Hess, 1910 (192) and 1912 (193), was the first to prove 
the varying resistance of flow at low pressure, or rather at a 
lower flowing velocity; at high pressure, i. c. rapid flow, he found 
Poiscuillc's law to be valid in the case of blood. 

Considering the properties of colloidal solutions, IV. Ostwald, 
1924 (320), differentiated between a pressure-independent, 
normal viscosity and a pressure-dependent “structural- viscosity”. 

The viscosity of the blood decreases gradually from 15 °C to 
37 °C. E. Rolhlins detailed investigations, 1920 (359), revealed 
that the effect of temperature fluctuations was most marked at 
a low pressure of flow since structural viscosity — more than 
normal viscosity — depends upon temperature. 

The clastic deformation of the blood corpuscles during rapid 
flow found by F. Frinibcrgcr, 1938 (137), in his experiments on 
the fixation of flowing blood and interpreted by him as the cause 
of the structural viscosity is of no interest for the viscosity pheno- 
menon in blood sinking. 

At the very slow flowing which is of importance to blood 
sedimentation we can scarcely set aside the fact that the disag- 
gregation of the erythrocyte conglomerates and the following 
orientation of freely dispersed red cells caused by the movement 
of the fluid must appear as energy consuming processes and 
consequently must participate in the structural viscosity. 

The possible significance of different degrees of aggregation 
for the viscosity of the whole blood is not yet quite clear. One 
might assume that the viscosity of the suspension increases with 
increasing aggregation because the conglomerates occlude plasma. 
L. Bcrczcllcr and H. Wastl, 1924 (29), made the most important 
observation that blood flows much quicker after repeatedly hav- 
ing passed a viscosimeter; analogous observations were made 
on different colloids. Especially the result of the first measurement 
deviated markedly from the later values which showed a slight 
decrease in the measured times of passage from experiment to 
experiment, presumably due to a change of the size of the erythro- 
cyte aggregations. 

Measurements of the viscosity of the blood under the same con- 
ditions as present in the sedimentation of blood corpuscle aggre- 
gations in the sinking reaction are difficult or almost impossible 
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to perform, since a change of the circumstances is inevitable 
during the attempt to measure viscosity. 

Finally, the well-known phenomenon of increased viscosity as 
a consequence of an increased carbon dioxide content of the 
blood should be mentioned. Increased carbon dioxide content 
enlarges the volume of the erythrocytes; increasing saturation 
with oxygen causes a decrease in the viscosity of the blood. 


§ 8. THE INFLUENCE OF VISCOUS SUBSTANCES ON 
BLOOD SEDIMENTATION. 

Plasma viscosity . 

Besides the plasma proteins fibrinogen and globulin, a number 
of other viscous substances cause erythrocyte aggregation which 
may be observed either when red blood corpuscles are suspended 
in isotonic salt solution and varying amounts of the viscous 
material arc added (“artificial plasma”), or when this substance 
is added to the blood. Some of these colloids are gelatin ( Weiden - 
rcich, 1905 (434), R. Fahraeus , 1921 (109), F. von Kruger , 1923 
(235) ), gum arabic (II. Nassc, 1836 (293), F. Frimberger, 1938 
(138)), casein ( R . Fahraeus, 1921 (109)) tragacantli ( Wiltshire , 
1912/13 (451), B. Swcdin, 1936 (407) ), salep, thymonucleic 
acid ( B . Swcdin, 1936 (407) ), and many others. An increase 
in the plasma viscosity by addition of one of the mentioned sub- 
stances produces a paradoxical increase in the sinking reaction, 
since the retarding influence of the plasma viscosity (viscosity of 
the whole blood) is surpassed by the effect of the highly increased 
aggregation tendency. 

H. Nassc, 1836 (293), already familiar with the favourable 
effect of gum arabic on the sinking velocity, stated “Gummi 
erselzl also die Slelle des klcbrigcn Faserstoffs”. 

D. von Klobusitzkg, 1925 (227) and 1929 (228), who investigated 
the influence of electrolytes on the sinking reaction, arrived at 
the result that the anions of Hofmchters salts affect the plasma 
viscosity to the same extent as the blood sinking. 

F. von Kruger, 1923 (235), studying the sinking at different 
gelatin concentrations, emphasized that the maximum of the 


2 * 



20 


sinking velocity depends not so much on a certain gelatin con- 
centration as on the degree of viscosity. 

F. Frimberger, 1938 (138), proved that the sinking is proport- 
ional to the viscosity of the suspension fluid so that the chemical 
nature of substances as gelatin, gum arabic, and vinarol*) cannot 
be tire essential point in their promoting effect on aggregation. 
A given colloid concentration does not always produce the same 
degree of aggregation. After long-lasting boiling of the gelatin 
solution (without changing the concentration) and after ultra- 
violet irradiation of gum arabic solutions, the viscosity and the 
sinking promoting effect were reduced. Ageing plasma decreases 
its viscosity and its ability to produce agglutination. 

R . Ley, 1922 (254), observed, the more rapid a sinking, the 
more viscous the plasma. 

R. Fahraeus (109) found fibrinogen which markedly promotes 
aggregation to be more viscous than albumin. Furthermore, he 
pointed out that the viscosity of the serum and its aggregation 
capacity are increased by a thermal treatment at higher temper- 
ature. Heating serum to 56— 60 °C, L. Moll, 1904 (278) and 1905 
(279), noticed an increase in the globulin fraction at the cost of 
the albumin fraction. Similar changes of the properties of the 
serum proteins (salting-out conditions) were found by A. Fischer, 

1932 (118), A. Schmitz and A. Fischer, 1933 (371), after addition 
of heparin, and by M. Chr. Ehrstrom, 1939 (94), after addition 
of the calcium salt of chondroitin sulfuric acid. In agreement 
with the change of the properties of the serum proteins after 
addition of heparin, H. Stortz and H. Schlimgbaum, 1933 (403), 
and K. W. von Kaulla, 1939 (223), proved an increased sinking 
reaction (the opposite result was found by K. Zirm and G. Schcrk, 

1933 (457)). 

M. Chr. Ehrstrom (94) found an increase in the serum viscos- 
ity and the sedimentation reaction of the blood after addition of 
heparin or the calcium salt of chondroitin sulfuric acid. 

In connection with the changed salting-out conditions of the 
proteins after the above described interferences, it seems opportune 
to mention the frequently discussed parallelism between sinking 
reaction and different “lability reactions” ( Takata-Ara , Matefy 
and others) of the serum proteins (W. Bendien, J. Neuberg and 

*) A preparation from /. G. Farben of a constitution unknown to the author. 
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I. Snapper (21) ). However, the phenomena are not at all simple; 
with regard to the Takata-Ara reaction, cf. A. van Meeteren, 
1937 (275), and A. de Vries, 1938 (428). 

The cause of the ability of emulsoids to produce erythrocyte 
aggregations is in fact quite unknown ( cf . below, p. 43). 

Not all viscous substances produce erythrocyte aggregation as 
observed primarily on albumin (R. Fdhraeus (109) ) and. 
furthermore, on the sodium salt of yeast nucleic acid (G. Linzen- 
meyer, 1921 (260), B. Swedin, 1936 (407) ). 

In isotonic salt solutions of viscous substances such as gelatin 
(R. Fdhraeus (109) ) the erythrocytes maintain their disc shape 
(cf. § 17 “Factors determining the shape of the erythrocytes”, 
p. 33). 

The relative viscosity of the plasma depends upon the protein 
fractions and varies between 1.5 and 2.5, the influence of the 
plasma viscosity on the viscosity of the whole blood being less 
pronounced than that of the erythrocyte concentration. 


§ 9. PLASMA CONSTITUTION. PROTEINS. 

It has already been mentioned (p. 11) that the properties of 
the plasma primarily determine the degree of aggregation at a 
given erythrocyte concentration. 

With respect to the influence on the blood sedimentation of 
the single constituents of the plasma (§§ 8 — 12) a comprehensive 
literature exists, and the author may therefore confine himself to 
refer to the reviews mentioned on p. 6. 

Fibrinogen and globulin promote the blood sedimentation 
while albumin acts as a suppressor. A. Wesiergrcn, H. Thcorell 
and G. Widstrom , 1931 (437), and furthermore IF. Bcndien, J. 
Neuberg and I. Snapper, 1932 (21), gave a formula suited for an 
approximate calculation of the sedimentation reaction if the pro- 
tein fractions are known. IF. Bcndien and I. Snapper, 1931 (22), 
disputed the influence of the albumin fraction upon the sinking, 
while I. v. Zardag and G. Farkas, 1931 (456), found the sinking 
to be inversely proportional to the amount of albumin (and 
proportional to the fibrinogen- and globulin content). A survey 
of the protein spectrum at various diseases may be found in the 
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papers by W. Starlinger and E. Winands, 1928 (389, 390 391 
392). 

In most cases of increased sinking speed, the amount of fibrin- 
ogen is increased more than the amount of globulin. Sometimes 
(for instance in the case of liver cirrhosis), the sinking is vastly 
increased, in spite of the fibrinogen content being normal or even 
decreased. However, in this case the amount of globulin is in- 
creased. A high sedimentation reaction in defibrinated blood is 
almost constantly associated with a great increase in the globulin 
content.*) Since, however, the sinking velocity depends on both 
the amount of fibrinogen and of globulin, the ratio albumin: 
globulin is without any significance for the sinking reaction ( M . 
Lcjfkowitz, 1932 (249, p. 176) ). 

§ 10. THE EFFECT OF THE ELECTROLYTE CONTENT 

ON AGGREGATION. 

H. N asses knowledge of the suppressing effect of salts on the 
aggregation (1836 (293) ) has already been discussed on p. 4. 

Giirber, 1904 (165), was presumably the first to discover that 
ox corpuscles are able to aggregate even after the serum has been 
washed off with an isotonic saccharose solution. After storing in 
the cold for 10 hours, a disaggregation occurred. According to 
Garber s investigations, the aggregation is closely connected with 
the salt concentration in the suspension fluid. Minute amounts 
of salt (0.5 per millc NaCl or 0.01 per millc Na 2 C0 3 ) already 
inhibit the appearance of aggregations or destroy existing aggregat- 
ions. 

IF. Radsma, 1918 (344), was aware of the fact that the blood 
corpuscles can be brought to cluster if a relatively great amount 
of isotonic glucose solution is added to the blood. This aggrega- 
tion could be annulled by addition of small amounts of salt. 
Arranging the salts according to their effectiveness, the anions 
showed the same sequence as in Hofmeister’s ionic series. 

By means of electro-dialysis, B. Swcdin, 1936 (407), succeeded 
in producing aggregation of ox corpuscles in a saccharose solution. 

*) Addendum : By means of the formol-gel-reaction, we may estimate whether 
the plasma proteins or other factors cause the increased sedimentation (J- Bing 
and C. U. Jessen, Acta med. scand. 105, 273, 1940). 
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The degree of aggregation increased with decreasing amount of 
electrolyte measured by its electric conducting property. The 
microscopical investigation revealed completely irregular aggre- 
gates and the absence of rouleaux formations, presumably be- 
cause of a - changed erythrocyte form. (About this latter point, 
however, no details are given in the cited paper). After addition 
of sufficient amounts of electrolyte, a momentary dispersion 
appeared in the flocculous suspension. 

Blood corpuscle suspensions in a saccharose solution contain- 
ing some CaCl 2 showed a remarkable stability to electro-dialysis. 

30 times the quantity of electrolyte sufficient for the disaggre- 
gation of electro-dialyzed pure blood corpuscle-saccharose sus- 
pensions was necessarj' for the disaggregation of conglomerates 
in saccharose solutions containing a viscous substance as, for 
example, gum arabic, tragacanth, tliymonucleic acid, and others. 

It was not feasible in a quantitative analysis to discover any 
adsorption of electrolytes or viscous substances to the blood 
corpuscles. 

When calculating the electrolyte surface in an electro-dialyzed 
suspension, Sivcdin showed that the amount of Na- or K-ions in 
a hydrated slate necessary to produce disaggregation was just 
sufficient to cover the blood corpuscles with a monomolecular 
layer. 

dc Haan, 1918 (169), corroborated the well-known view that 
the rapid sedimentation of horse blood is caused by an intense 
rouleaux formation and he found that diluting the blood with 
phj r siological NaCl-solulion resolved the rouleaux into single blood 
corpuscles. 

The effect of various electrolytes on diluted blood corpuscle 
suspensions has been investigated among others by L. Bcrczellcr 
and E. Slandccr, 1917 (25), P. Gijorcjij, 1921 (168), J. Runnstrom, 
1921 (362), F. Raue, 1922 (350), G. Elirismann, 1923 (93), and 
D. von Klobusilzky, 1925 (227) and 1929 (228). The sinking 
velocity decreased with increasing electrolyte concentration in 
such a way that the effect of the anions followed their position 
in Hofmcisler s ionic series, while that of the cations was irregular 
and varied with the experimental conditions. 

In concentrated suspensions, B. Enockson, 1931 (106), observed 
an improved stability after addition of NaCl. Cilucose and NaCl, 
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added in suitable amounts, produced a marked reduction of lh e 
sinking velocity. 

The etTecl of calcium salts, already mentioned in connection 
with Swcdin's electro-dialysis experiments, was studied by M. 
P. Dcmurias, 1932 (82), who found in numerous cases an in- 
creased sinking after intravenous injection of CaCL; sometimes, 
however, the same author noticed a suppressing elTccl. Exchange 
experiments made it evident that an ion displacement in the 
erythrocytes also alTecled the sinking reaction. On account of 
the complicated equilibrium stales of the salts, a change in the 
concentration of the salts may increase as well as decrease the 
sinking. 

After intravenous injection of calcium chloride into animal 
organisms, M. Gcorgo/wulos, 1920 (149), observed an increased 
blood sinking. In most cases investigated, F. Bachman and K. 
Balm, 1924 (19), proved a reduced sinking and a simultaneous 
reduction of the viscosity and of the protein content together 
with an increased calcium level. J. liunnslrom, 1921 (362), 
noticed a greater stability after addition of calcium and barium 
salts than after addition of sodium and potassium salts. Accord- 
ing to Ucliara, 1929 (424), an increased calcium level is general- 
ly accompanied by a slower sinking, in analogy to intravenous 
injections of calcium chloride or addition of the same salt in 
vilro. 

§ 11. THE INFLUENCE OF LIPOIDS ON BLOOD SINKING. 

The effect of plasma lipoids upon blood sedimentation is 
disputed but evident. 

By adding cholesterin and lecithin suspensions to the blood in 
vifro, H. Kiirlcn, 1920 (237), proved the antagonistic effect of 
these substances upon the blood sinking. The microscopic in- 
vestigation of cholesterin blood revealed a pronounced rouleaux 
formation, while the thorn apple shaped corpuscles of the leci- 
thin blood were spread over the whole Held of vision. 

H. Thcorcll, 1930 (409), studied thoroughly the properties of 
plasma lipoids and, furthermore, Ii. Magislris, 1931 (269), cited 
a number of older, not very elucidative papers from this field. 
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The method of preparing cholesterin- and lecithin suspensions 
seems to be the salient point of the whole problem. 

Theorell was able to show that the total cholesterin and phos- 
phatide content of the plasma is without any influence on the 
sedimentation reaction; the ether extractable cholesterin, however, 
had a vastly suppressing effect. The same author discussed the 
significance of a lipoid linkage to the proteins. 

In contradistinction to Theorell, B. Ohlson and 0. Rundquist, 
1932 (307), reported that an extraction of the plasma lipoids 
without noticeable change of the proteins does not cause any 
alteration of the sinking reaction. However, the method of ex- 
traction applied — precipitation with alcohol in the cold followed 
b) T a treatment with ether in a Soxlilet apparatus — seems to be 
a somewhat violent treatment of the sensitive proteins. 

B. Swedin, 1933 (406),. investigated the sinking reaction, the 
protein fractions of the plasma, and the amount of easily extract- 
able cholesterin on different animals. It could be proved that 
horse- and ox blood, showing greatly different sinking velocities 
(high and low, respectively), have similar plasma protein fractions, 
while the amount of extractable cholesterin is considerably 
smaller in horse plasma than in ox plasma. As regards the relation 
between the cholesterin content of the erythrocytes and their iso- 
electric point, their cataphorclic velocity (at the p n of the blood), 
and their ability to aggregate, cf. the present paper, p. 44. 

A corroboration of H. Kiirten's result, 1920 (237), was given 
by J. Zozaija, 1937 (458), who found that the addition of lecithin 
(as a suspension) markedly suppresses the blood sedimentation, 
while cholesterin acts slightly promoting. The microscopic in- 
vestigation revealed, in the first case, dispersion and change of 
the shape of the erythrocytes (to the spherical shape), in the 
second case, increase in rouleaux formations (cf., furthermore, 
R. Iiirohala and H. Shimolcawa, 1935 (200), measurements of 
the sinking speed and calaplioresis, mentioned on p. 41 of the 
present paper). 

While the rouleaux formation is annulled by addition of le- 
cithin, the iso-agglutination remains unaffected (cf. p. 8. 
About the antagonism between cholesterin and lecithin, cf. p. 
34). 
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In connection with B. Bcrgenlicm and R. Fdhraeus' interesting 
discovery of a lecithinase present in the blood, 1936 (31), ( c f 
B. Bcrgenlicm, 1938 (30) ), and transferring lecithin into lyso- 
lecithin which has a markedly stabilizing effect on the blood, we 
may expect that a further investigation of the influence of the 
lipoids on the blood sinking will reveal elucidative results. 

§ 12. THE INFLUENCE OF THE GAS CONTENT OF THE 
BLOOD ON THE SEDIMENTATION TEST. 

Most investigators agree that the different content of oxygen 
and carbon dioxide in arterial and venous blood is not of de- 
cisive influence, upon the sinking reaction (G. Lccndcrlz, 1921 
(248), A. Wcstcrgrcn , 1924 (436), M. Gcorgopoulos, 1926 (149), 
H. Rcichcl, 1936 (351), and the authors of numerous micro- 
methods). 

F. Kok, 1923 (229), found generally a higher sinking reaction 
in arterial than in venous blood, while W. Hess, 1921 (194), 
obtained this result only exceptionally. 

According to A. Wcslcrgrcn (loc. cit.), a short stasis (1— -2 min.) 
before bleeding does not cause any change of the sinking reaction. 

In experiments in vitro, G. Lccndcrlz (248), L. Bcrczcller and 
H. Wastl, 1923 (26), XV. Ito, 1924/25 (210), and others found 
that an increase in the C0 2 -content causes a delay in the sinking 
velocity, while an 0 2 -increase accelerates the sinking speed. 
During experiments in vitro, the influence of variations in 
the gas concentration on the sedimentation reaction is consider- 
ably greater than the physiological variations ( Lccndcrlz , loc. cit.); 
the reduced sinking due to increasing C0 2 -content can be com- 
pensated by a supply of oxygen (p n , cf. later.). 

H. Rogct and L. Bind, 1925 (356), using dogs as test animals, 
found a more rapid sedimentation in arterial than in venous 
blood. During mechanical asphyxia, the sinking reaction of the 
arterial blood decreased, while hyperventilation increased the 
sinking. The variations in the sinking reaction were due to 
variations in the erythrocyte volume which increases in blood 
rich in carbon dioxide. 

According to L. Berczclter and H. Wastl (loc. cit.), the sinking 
reaction of oxygen-saturated blood is always higher than the 
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sinking reaction of venous blood. For scientific investigations, 
these authors therefore recommend the employment of blood 
which is saturated with a given gas in order to obtain reproducible 
conditions. 

Apart from a number of changes caused by variations of the 
electrolyte equilibrium etc. (H. J. Hamburger, 1902 (173) ), the 
increasing content of carbon dioxide gives rise to an increase in 
the cell volume and the viscosity of the whole blood. The blood 
corpuscles become more spherical, presumably in disfavour of 
the aggregation. 

Odaira, 1921 (301), pointed out that an increase in the oxygen 
content produces a decreased blood viscoshy, while the erythro- 
cyte volume remains unchanged. The increase in the oxygen 
concentration causes an increased hydrogen ion concentration 
of the blood, thus rendering the situation rather complicated. 

It is apparent that the aggregation of blood corpuscles is 
affected by decisive changes in the physico-chemical properties 
after saturation with oxygen or carbon dioxide. Bcrczeller and 
Wasil supposed that oxygen promotes aggregation. Slow sinking 
reactions were frequently observed in cases of dyspnoea and 
cyanosis (c/. the reviews p. 6); apart from carbon dioxide 
augmentation, anoxaemia, increase in erythrocyte volume, and 
total viscosity of the blood, the composition of the plasma is 
changed with respect to proteins, salts, and water (hydraemia). 

As regards the dependence of the sinking reaction on the 
blood pjj, we lack systematic investigations with a uniform and 
accurate technique. The optimum of the aggregation seems to 
be in the alkaline p n region. Kijlin, 193S (238), pointed out that 
a lowering of p n suppresses the sinking. The few investigations 
of alkali reserve and sinking reaction (S. Moschini, 1933, (283) ) 
yet available do not permit any reliable conclusions. 


§ 13. THE EFFECT OF SOME OTHER SUBSTANCES ON 

BLOOD SINKING. 

In the present paragraph, the effect of a number of different 
substances on blood sinking will be discussed; these substances 
may best be arranged in the following groups: 
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I. normal constituents of the blood appearing in abnormal 
amounts; 

II. abnormal constituents of the blood which (in noticeable 
amounts) appear only in various pathological states; 

III. foreign substances added to the blood for experimental 
purposes. 

I. Urea. Increased rest nitrogen causes a strong increase in 
the sinking reaction (CIi. Aclicird, A. Codounis and E. Hadji- 
georges, 1931 (10) ). In the case of uraemia, especially high values 
of the sinking reaction are observed. 

Glucose. The observations on the sinking reaction in cases of 
diabetes mellitus are rather contradictory; in uncomplicated 
cases of diabetes, the sinking reaction is said to be normal (for 
literature, cf. H. Reichcl, 1936 (351) ). 

II. Components of the bile. According to M. E. Alexander , 
1924 (15), the addition of bile or duodenal juice in vitro has a 
pronounced inhibiting effect on blood sinlung. This suppress- 
ion is caused especially by the salts of the bile acids, while 
bilirubin is without any influence (G. Katz and P. Radt, 1927 
(222) ). A. Radosavljevic and M. Sckulic, 1932 (343), proved a 
temporary suppression of the sinking after intravenous injection 
of salts of bile acids and they found most of these salts (about 
60 per cent) bound to the erythrocytes. 

As regards further literature on the sinking reaction in cases 
of icterus, cf. H. Reichel (351) and G. Tronnberg, 1939 (419), 
The increased sinking during icterus haemolyticus (E. Gripwall, 
1938 (162) ) has been mentioned on p. 13. In the greater number 
of cases of icterus, we find a relatively low sinking reaction. G. 
Tronnberg’s exchange experiments (419) are in favour of the 
interpretation that the suppressed sinking in certain types of 
hepatitis originates from the properties of the plasma. In some 
cases of icterus, a decreased tendency of the erythrocytes to 
aggregate was found, apparently in parallelism to Meulengracht s 
icterus index. It is justifiable to interpret the effect of bile acids 
upon blood corpuscles as a stabilization, however, the observation 
of cases with high icterus index and without suppression of the 
sinking are against this interpretation. 

III. W. Bendien, J. Neuberg and 7. Snapper (21) were able to 
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prove that sodium salicylate reduces the sinking, while sodium 
benzoate is without any effect. 

According to M. Chr. Ehrstrom, 1939 (94), methylene-blue and 
loluoidine-blue inhibit the blood sinking. A. V. Ferrari, 1938 
(117), found that “electro negative” colloidal dye-stuffs hinder 
the blood sinking in vitro as well as in vivo. With regard to the 
symbatic variation of sinking reaction and calaphoretic velocity 
(which will be discussed later, cf. p. 41), the measurement of 
the electrokinelic potential would be of greatest importance. 

P. Hinicregger, 1931 (199), pointed out that the sinking is 
not affected by haemolytica ; in contradistinction to this, B. 
Bergenhem, 1938 (30), emphasized that the erythrocyte ability 
to aggregate is reduced and, consequently, the blood is stabilized 
by haemolytica.*) 

6. Linzcnmcgcr, 1920 (258), observed a suppression of the 
sinking reaction after addition to the blood of amyl and heplyl 
alcohol, isobutyl urethane and other narcolica. 

Finally, a number of colloids and stabilizers have been men- 
tioned earlier. 

§ 14. THE TEMPERATURE EFFECT UPON THE SINKING 

REACTION. 

In the consideration of the influence of temperature on the 
sedimentation lest we must differentiate between 

I. reversible changes due to the temperature at which the blood 
sinking is determined; 

II. irreversible changes produced by temperature action upon 
the blood, the so-called thermal stabilization; 

III. under certain circumstances, both I and II must be taken 
into consideration. 

Ad I. 

As the result of numerous investigations, it must in principle be 
considered to be proved that cooling down reduces the sinking 

*■) Addendum: Also C. U. Jcssen and J. Bing, Acta med. scand. 105, 279, 
1940, slate that saponin annuls rouleaux formation; cold-agglutination, how- 
ever, is not affected. 
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while heating promotes the blood sinking. (R. Fahraeus, 1921 
(109), R. Ley, 1922 (254), J. Josefowicz, 1922 (216), A. Wester- 
gren, 1924 (436), L Freuchen, 1925 (123), M. Georgopouios, 1926 
(149), M. B. Gordon and D. J. Cohn, 1928 (153), R. Rimini, 1934 
(354), and many others). Occasionally, the opposite result was 
found, especially in pathological blood, as described for example 
by Ii Lowenberg, 1924 (265), I( Stbcklin, 1926 (404), and J. 
M. Henderson, 1929 (186).*) 

The alteration of the sinking reaction is not constant; A. Wester- 
gren, 1924 (436), and M. D. Rourke and E. D. Plass, 1929 (361), 
showed that higher temperature was of greater promoting effect 
than lower temperature. 

The dependence of the blood sinking on temperature is pre- 
sumably connected with a change in the plasma viscosity ( E . 
Ponder, 1925 (332) ). Apart from the change in the plasma 
viscosity (and the viscosity of the whole blood) which is presum- 
ably of the greatest importance, the temperature effect of the 
erythrocyte aggregation must also be taken into account. If the 
aggregation increases with increasing temperature — as shown 
by Bub, 1906 (49), and E. Ponder, 1926 (333), who found an in- 
creased rouleaux formation after slight heating and a rapid 
rouleaux formation at 37 °C — tills phenomenon will favorize the 
effect of a reduced viscosity. 

The influence of temperature on the viscosity of the whole 
blood has been investigated by E. Rothlin, 1920 (359), ( cf . already 

P- 18 >- 

When dealing with blood to which viscous, sedimentation-in- 
creasing substances were added, G. Walther, 1929 (430), observed 
that the aggregation of blood containing gelatin increased pro- 
portionally to the temperature, while solutions containing gum 
arabic showed the opposite behaviour. 

Ad II. 

R. Fahraeus (109) observed that disc shaped erythrocytes were 
changed into spherical types and their tendency to aggregate 

*) Addendum: C. U. lessen and J. Bing, Acta nied. stand. 105, 279, 1940, 
report one case of hyperautoagglutininaemia (pathological cold-agglutination) 
in which the sedimentation test was lower at 37° C than at room temper- 
ature. 
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was decreased or inhibited as soon as unstirred blood was heated 
to 30— 42.5 °C. The effect failed to appear when the blood was 
stirred during heating. 

In further Investigations, B. Bergenhem and R. Fahraeas, 1936 
(31), and 1 3. Bergenhem, 1938 (30), found that the increased 
stability of the blood (the so-called thermal stabilization) was 
due to an alteration in the serum produced by an enzymatic 
process with the scrum phosphatidcs as substrate (these authors 
give a detailed review of the earlier literature). Under the effect 
of lecithinase, lecithin is split into the water soluble haemolyticum 
lyso-lecilliin and an unsaluraled fatly acid which is adsorbed by 
the erythrocytes and which causes the change of their shape and 
a decreased aggregation. 

The change of the sedimentation velocity of blood after sloi*ing 
at room temperature has been discussed by numerous authors, 
primarily because of its great practical interest. The determina- 
tions of the moment at which a noticeable change of the sinking 
reaction occurs vary considerably. A. Weslergren (436) found in 
a series of 100 double determinations that storing for 4 — 5 hours 
was without any influence on the sinking reaction. First after 
6 — 8 hours of storing, diverging results were obtained in rare 
cases. This interpretation was supported by /. Freuchen, 1925 
(123), M. D. Rourlce and E. D. Plass, 1929 (361), M. Lcffkowitz, 
1933 (250), A. Eldahl, 1934 (102), and S. Froslad, 1934 (139), 
while K. Stocklin, 1926 (404), M. Jcrsild, 1934 (213), L. Bostrom, 
1935 (42), S. Christensen and S. A. Holboll, 1937 (67), and L. 
Roster, 1937 (230), claimed that the blood sinking should be 
measured immediately after bleeding. 

For a precise scientific investigation, the blood should there- 
fore bo as fresh as possible. 

Ad HE 

The real sinking is superposed by the influence of thermal 
stabilization on the aggregation ability of the erythrocytes (and 
the viscosity of the plasma), ( J . Josefowicz, 1922 (216)); if this 
effect is vcr} r marked, it may even noticeably modify the 1 lioui’- 
sinking (K. Stocklin (404) ). It is of greatest value for the scient- 
ific study of the sinking reaction to perform a microscopic con- 
trol of the rouleaux formation and an estimation of the number 
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of non-aggregaled, or weakly aggregated, thorn-apple shaped 
erythrocytes (L. Bostram, 1935 (42), and 1940 (43)). 

§ 15. THE EFFECT OF SHAKING ON BLOOD SINKING. 

E. Kaebsch and G. Simsch, 1925 (218), observed that a blood 
sample which has been shaken with 1 or 1.5 hours intervals 
exhibits an unchanged sinking reaction. Even centrifuging follow- 
ed by remixing does not influence the sinking reaction, as pointed 
out by M. D. Rourke and E. D. Pla-s (361) and M. Jersild (213). 

In shaken blood samples, L. Berczdlcr and H. Wastl , 1923 
(27), constantly found an increased sinking in contrast to the 
expected reduced sinking. A decreased sinking, apparently after 
violent shaking, was observed by H. Nassc, 1836 (293). 

Berczdlcr and Wasll ( loc . cit .) report that the promoting effect 
of shaking was especially great in blood with a high aggregation 
tendency (horse blood). When investigating the sinking in vert- 
ically as well as obliquely arranged tubes during slow, continuous, 
non-intermilling streaming (in or out) of blood, L. Bcrczellcr 
and H. Wastl (28) measured a vastly increased sinking. Using 
samples of horse blood in vertical tubes, the inacroscopically 
visible erythrocyte aggregation occurred more quickly than in 
tubes with stagnant blood, thus indicating a manifest relation 
between this phenomenon and a conglomeration. When a rapidly 
flowing blood stream was suddenly stopped, the now motionless 
blood column showed a more rapid sedimentation than a blood 
sample which had not been in motion. 


§ 16. ERYTHROCYTE STRUCTURE. 

It is of little use to refer to the old dualism of whether the 
red blood corpuscles are built up like a balloon or like a sponge. 
In any case, these theories represent a far loo naive idea of the 
complicated structure of this cell. ( Cf '., among others, E. Ponder, 
1934 (335) ). 

However, the surface properties of the erythrocytes are of the 
greatest significance for the aggregation problem. According to 
H. Beumer and M. Burger, 1912 (32), F. Hauxowitz and J. Sladek, 
1928 (182), and E. Jorpes, 1932 (215), the erythrocyte membrane 
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consists of a lipoprotein; it is in agreement with this view that 
the cell surface of the erythrocytes at the interface between differ- 
ent media indicates rather hydrophobic properties (S. Mudd and 
E. Mudd, 1931 (284) ). For the mentioned protein, the so-called 
“stromalin”, E. Jorpes ( lee . cit.) found a characteristic composi- 
tion deviating from that of haemoglobin and plasma proteins. 
The stromatin content amounts to 4 per cent of the protein con- 
tent of the erythrocytes. 

G. Boehm's investigations, 1935 (38), revealed that stromatin 
consists of rod shaped micelles which form a membrane, and in 
the form of a gel, the stroma, fill the interior of the erythrocytes. 
Solutions of haemoglobin and salts arc found in the meshes of 
this network. Optical investigations of the ultra structure of these 
membranes were carried out by F. 0. Schmidt, R. S. Bear and 
E. Ponder, 193G/37 (369), and 1938 (370). 

§ 17. FACTORS DETERMINING THE SHAPE OF 
ERYTHROCYTES. 

Since the disc form of the erythrocytes is a condition for the 
rouleaux formation as an orientated aggregation, the effect of 
different suspension fluids on the shape of the erythrocytes is of 
greatest interest. A number of substances cause a spherical 
erythrocyte form, others reproduce the disc form or maintain it. 
Altogether, these two groups of substances seem to promote or to 
suppress the aggregation, respectively. 

The globular form is promoted by agents with a haemolytic 
effect, such as hypotonic dispersion media, saponins, sails of 
the bile acids, soaps, the thermal stabilizing lyso-lecilhin, most of 
the lysines, bacteria lysines, and complement affecting sensitized 
erythrocytes (E. Ponder (335); cf. also F. Hinteregger (199) 
discussed here on p. 29). If blood is exposed to a very high 
pressure (2000 atmospheres) the erythrocytes are transformed 
into spherocyles and, consequently, the blood sinking decreases 
(U. Ehheckc, 193S (87) ). 

Wrinkling of the erythrocyte surface, i. e. thorn-apple shape, 
appears in hypotonic salt solutions and after storing of the blood 
(due to the thermal stabilization caused by a serum lipase, B. 
Bcrgenhcm and /?. Fahraeus , 1936 (31) ). Skin fat, for example, 

3 


Jorgen 15. Tliygcsen. 
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on dirty cover glasses, produces thorn-apple shaped ervthroevtes 
(G. Tronnberg, 1939 (420) ). 5 

Addition of lecithin to the plasma transforms the erythrocytes 
into spheres and inhibits rouleaux formation (L. Lattes, 1925 
(244)). Cholesterin ( J . Zozaya, 1937 (458)), various emulsoids 
as gelatin, gum arabic, tylose (c/. here, p. 166) which increase 
rouleaux formation preserve the disc form of the erythrocytes. 1 ') 
We find, thus, an antagonism between lecithin and cholesterin 
with respect to the form of the erythrocytes (I. JR. Brinkmann, 
and E. van Dam, 1920 (47) ) and rouleaux formation ( H . Kwrten 
1920 (237); cf. also p. 25). 

In this connection, it should be mentioned that lecithin is a 
very strong emulsifier of oil in water, while cholesterin is an 
emulsifier of water in oil. At a certain ratio lecithin : cholesterin, 
a “phase-turn” occurs, i. e. a transition from oil in water to water 
in oil emulsions. However, this effect depends furthermore and 
to a high extent on the presence of salts and proteins (cf. prim- 
arily the review by R. Degkwitz, 1933 (81), and furthermore H. 
Freundlich, 1932 (125, Vol. II, p. 504) and S. Palitzsch, 1935 
(321) ). 

The surface forces can, however, hardly be considered the 
cause of the erythrocyte aggregations, the lipoids being of greatest 
influence on the electrical properties of the erythrocyte surface 
(cf. R. Hirohata and II. Shimokawa, 1935 (200), measurements 
of the cataphoretic velocity, and furthermore here, p. 41). The 
great influence of lecithin and cholesterin on the erythrocyte 
surface is illustrated by E. Schiedt’s observations, 1931 (368, p. 
72), concerning the permeability to ammonium bromide, which 
is increased or decreased, respectively, by addition of the ment- 
ioned substances. 


§ 18. SPECIAL THEORIES OF ERYTHROCYTE 
AGGREGATION. 

Since rouleaux formation has been known, numerous authors 
have made an attempt to give a theoretical interpretation of the 
phenomenon. In the main, all these theories are variations of 

*) Addendum: The publications by R. F. Furchgott and E. Ponder, J. 
Exper. Biol. 27, 30, 117, 1940, have not been accessible to the author. 
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the following four principles: stickiness, surface tension, electric 
charge, and hydration theories. These authors usually confined 
themselves to the assumption of one single determining factor and 
had no detailed conception of the aggregation mechanics. 

The stickiness theory is the oldest aggregation theory ( H . Nasse, 
1836 (293), F. Henle, 1841 (187, p. 436), J. Lister, 1858 (263), 
and Robin, 1858 (355)). It was assumed that rouleaux formation 
is due to the stickiness of the erythrocyte surface or to a conglut- 
ination caused by the fibrin. With regard to the promoting effect 
of gum arabic on rouleaux formation, H. Nasse (loc. cit .) gave 
his opinion as follows “Gummi erselzt also die Stelle des kleb- 
rigen Fasersloffs”. Already P. L. Panum, 1851 (323), rejected 
Henle’ s stickiness theory and he was well aware of the ability 
of the fibrin to promote rouleaux formation. Also Weber and 
Suchard, 1880 (433), E. Rcttcrcr, 1906 (353), and R. Fahraeus, 
1921 (109), rejected the stickiness as a decisive factor. In spile 
of Fahraeus' logical arguments against the primitive stickiness 
theory “If stickiness gave rise to the kind of agglutination here 
in question, the corpuscles would remain in the position of their 
first contact and we should not obtain the regular construction 
of the aggregates”, this theory reappears at intervals ( G . Gruber, 
1924 (163), E. Wohlisch and P. Bohnen, 1924 (453) ), and even 
such authors as E. Ponder, 1926 (333), and Ii. A. Abramson, 
1934 (5, p. 261), who had the greatest understanding of physico- 
chemical questions have not yet completely abandoned the 
stickiness theory. 

The surface tension theory is almost as old as the stickiness 
theory (R. Norris, 1869 (298), L. Ranuier, 1875 (347) ). 

Ranvier regarded the aggregation process as a general phenom- 
enon of suspended small particles. 

M. Heidenhain, 1904 (1S4), who denoted as sympexis a con- 
glomeration of suspended particles produced by capillary forces, 
argued (actually this argument does not hold) that colloids 
impede and crystalloids promote aggregation. He believed that 
the mouldability of the blood corpuscles was a necessary con- 
dition for their clustering together, since rouleaux formation 
failed to appear when the proteins of the erythrocytes were 
coagulated. 

E. Rot he, 1924 (358), suggested, yet with a complete lack of 

3 * 
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theoretical and experimental investigations, the consideration of 
the corpuscle and the surrounding plasma film as a unit. If these 
units were interpreted as drops of an emulgaled substance it 
may be possible to speak of a surface tension of the corpuscles; 
thus, a high surface tension of the colloids of the protein film 
might favour the formation of large conglomerates. Similar 
theories have been outlined by numerous other authors (Sachs, 
v. Oeltingcn, Kopaczewski, cf. the reviews on p. 6). 

F. von Kriiger, 1926 (236), made an attempt to decrease the 
boundary tension by adding milk or olive oil to the blood, but 
he did not find any change in the sinking reaction. In their 
attempts to reduce the surface tension of the blood by increasing 
amounts of sodium glycocholalc, not even A. Pines and M. Joffcs, 
1929 (330), were able to prove a relation between surface ten- 
sion and sinking reaction. 

Numerous authors ( Schemensky , v. Oeltingcn, Bcchhold and 
Reiner, cf. p. 6) assumed the existence of a relation between 
sinking reaction and excretion of surface-active substances, i. c. 
stalagmones in the urine. The stalagmone theory, however, was 
a purely speculative product. 

S. Mudd and E. Mudd, 1930/31 (284), tried to measure the inter- 
facial tension between corpuscles and suspension fluid, this and 
not the surface tension of the fluid or the suspension at the inter- 
face air-liquid being the salient point in this question. On the 
basis of the observed “wetting properties” of the erythrocytes, 
the surface of the latter was considered relatively hydrophobic 
and non-polar. According to these authors, the corpuscle surface 
is built up of lipoproteins. 

In general, R. Hober, 1904 (203), and furthermore G. Mangin 
and V. Henri, 1904 (270), are looked upon as the discoverers 
of the negative electric charge of the red blood corpuscles. How- 
ever, already Th. Jiirgcnscn, 1860 (217), observed that frog 
corpuscles suspended in 0.5 per cent sodium chloride solution 
moved towards the anode when an electric field was supplied. 
Concentrated salt solutions inhibited or reduced the migration 
velocity. Similar to erythrocytes, most free cells are negatively 
charged relative to their natural suspension media. This is also 
the case with lymphocytes, bacteria, and spermatozoa (R. Hober, 
1926 (204)). 
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After the discovery of the negative charge of the erythrocytes, 
the charge theory became the most important subject of discussion. 

In Hober's laboratory, R. Fdhraeus, 1918 (108), and G. Linzen- 
meyer, 1920 (258), determined the charge of the corpuscles by 
successive addition of lanthanum nitrate until the corpuscles 
ceased to move in the electric field. In this way, a relation be- 
tween increased rate of sedimentation and reduced charge was 
found. 

T. Kanai, 1922 (219), proved that globulin discharged better 
than albumin. R. Mond, 1922 (281), showed that ultraviolet 
irradiation of protein solutions changed the sinking velochy 
and the magnitude of the erythrocyte charge. 

On the basis of these observations, R. Flobcr and R. Mond, 
1922 (206), suggested the following theory. The electric charge 
of the blood corpuscles depends upon the ratio between globulin 
(isoelectric point p u 5.4) and albumin (isoelectric point p n 4.7) 
in the adsorption sheath. The stability of the suspension decreases 
in the presence of abundant amounts of globulin, and vice versa, 
since the tendency of globulin to form anions at the p n of the 
blood is smaller than that of albumin. Consequently, just as in 
the case of suspensoids, the adjustment to the isoelectric point 
of the particles should cause maximum instability. 

R. Ley's experiments, 1922 (255), partly confirmed this theory. 
He found that horse corpuscles transferred into phosphate buffer 
of different p n agglutinated at the highest or the lowest p n after 
adsorption of fibrinogen or albumin, respectively. J. Northrop 
and P. de Kruif, 1922 (299), made similar observations upon 
bacteria. 

However, numerous papers appeared bringing forward results 
which made the correctness of the charge theory rather doubtful. 
Earlier supporters, for example R. Fdhraeus (109), renounced this 
theory in favour of a hydration theory (cf. later). G. Linzenmeyer 
(260) mentioned that gelatin promotes the sinking without in- 
ducing the electric charge of the corpuscles and, as a consequence 
of this discovery, he could no longer consider the erythrocyte 
charge decisive (258). 

In the course of lime, the electrophoretic determinations 
played a greater part in the study of the surface properties of 
the blood corpuscles, especially with regard to the decision of 
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Hie principal problems of Ibe charge theory, viz. of whether the 
plasma colloids are adsorbed by the erythrocytes, and the extent 
to which aggregation is accompanied by a reduced charge of the 
erythrocytes. 

H. Netter, 1925 (294), noticed that horse corpuscles which 
form less stable suspensions than ox corpuscles have a higher 
electrokinetic potential. 

it/. Schcchtcr and Th. Bliilibaum, 1927 (367), found an almost 
constant cataphoretic migration velocity of the corpuscles of 
blood with different sinking velocity (c /. below, H. A. Abramson, 
1929 (3) ); blood to which varying amounts of lanthanum nitrate 
were added did not show varying sinking reactions. 

A detailed investigation of the erythrocyte cataphoresis in 
different media was carried out by H. A. Abramson, 1934 (5). 
H. A. Abramson (3) was furthermore able to demonstrate a great 
difference in the cataphoretic velocity of the erythrocytes of 
different animals (at p n 7.35 in a M/15 phosphate buffer) and 
he outlined a decreasing series, the extremes of which are repre- 
sented by dogs and rabbits, respectively. A similar succession was 
found later by H. L. White and B. Monoghan, 1936 (443). (Cf. 
furthermore, Table 2, p. 42). 

The blood corpuscles of new-born children, adults, pregnants, 
and patients suffering from various types of anaemia showed 
almost the same cataphoretic velocity. In spite of the considerable 
inequality of the size of anaemia corpuscles, of their shape, and 
their haemoglobin content, these corpuscles moved with approx- 
imately the same velocity. Although rabbit corpuscles are 7.16 
\i in diameter, and dog corpuscles are 7.20 g in diameter, the 
first mentioned migrated slowest and the latter quickest of the 
erythrocytes of all species investigated, thus indicating the lack 
of any relation between size and migration velocity. The migration 
velocity was independent of whether the corpuscles moved with 
one or the other orientation; rouleaux moved with the same 
velocity as single blood corpuscles, i. e. the aggregation was not 
accompanied by a change of the electrokinetic potential of the 
corpuscles ( H . Freundlich and H. A. Abramson, 1927 (126), and 
H. A. Abramson (5) ). 

Hence, the independence of the cataphoretic velocity on 



39 


shape and size of the particles accords with the Helmholtz- 
Smoluchowski theory (385), where 
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(u is the migration velocity, £ the electrokinetic potential, H the 
outer drop of potential, D the dielectric constant, and tj the 
coefficient of internal friction of the suspension medium). In 
contrast to this, P. Debye and E. Hiickcl, 1924 (79) and (80), 
derived that this formula holds only in the case of cylindrical 
particles, while spherical particles claim the factor 6 instead of 4. 
A discussion of this problem may be found in D. C. Henry's 
paper, 1931 (190), (cf. furthermore p. 60 of the present paper). 
H. Miillcr, 1933 (290), gave a critical survey of Henry's theory 
(loc. cit.). In comparative investigations, however, the discussed 
problem may be disregarded. 

As a criterion for the formation of an adsorption layer on the 
erythrocyte surface, R. Hober and co-worlcers pointed out that 
the isoelectric point of the corpuscles corresponds to that of one 
of the plasma proteins. R. Ley's investigations (255) were already 
mentioned before in connection with the Hbbcr-Mond theory. On 
the basis of measurements of the isoelectric point, H. Nctter 
(294) emphasized that the slowly sedimenting ox corpuscles 
adsorb albumin, while the adsorbing layer of the rapidly sinking 
horse corpuscles mainly contains globulin. Nevertheless, Nctter 
observed that horse corpuscles had a higher eleclrokinelic potent- 
ial than ox corpuscles (at p n 7.8 — 8.0). 

5. Kozawa, 1914 (231), found that addition of a suitable amount 
of acid brought the blood corpuscles to the isoelectric point 
(calaphorclic velocity = 0) which was characteristic of the re- 
spective species investigated. However, the amount of acid was 
not constant but dependent on the time of action. Also C. B. 
Coulter, 1920 (70), A. H. Eggerth, 1924 (91), and H. Nctter, 
1925 (294), noticed that the isoelectric point of human, rabbit, 
and hoi'sc blood corpuscles varied with the time of measure- 
ment. According to Ii. A. Abramson, (5, p. 261), it is almost im- 
possible to determine the isoelectric point of intact erythrocytes 
because their surface is changed very rapidly in a medium with 
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low p u . The inaccurate determinations of the isoelectric point 
( Coulter , Eggerth, Natter, and others) are due to protein adsorp- 
tion to injured cells (H. A. Abramson (4) ). The same author 
(3) found that “ghosts” show the same cataphoretie migration 
velocity as whole erythrocytes in a buffered isotonic solution. 
This observation was confirmed by W. H. Byler and Ii. M 
Rozendaal, 1939 (62), and by H. A. Abramson, R. F. Furchgott 
and E. Ponder, 1939 (6). H. L. White and B. Monaghan, 1936 
(443), determined the isoelectric point of such ghosts instead 
of the whole red cells. 

A serious argument against the assumption of the protein 
adsorption to the corpuscles is the low isoelectric point of normal 
erythrocytes (p u £2 3) relative to that of plasma proteins (H. 
A. Abramson, 1931 (4), H. L. White and B. Monaghan (443)). 
Abramson, who was the first to furnish a proof against the protein 
adsorption, demonstrated (3) that repeated washing of the erythro- 
cytes did not change the cataphoretie velocity, thus indicating a 
lacking, or at least a (by washing) not removable adsorption 
layer. The same author found, moreover, (1931 (4)), that red 
blood corpuscles suspended in dilute serum at any p n (above 
3.5) never showed the same mobility as quartz particles suspended 
in the same medium. 

In a number of cases, J. G. Stephens, 1938 (395), observed a 
separation into layers of the blood column during sinking, ap- 
pearing as one or a few diffuse, light layers above the compact 
blood column (cf. sinking with diffuse boundary, “Schleiersen- 
kung”, p. 21) lorming an expression of a flotation of unripe 
cells with a low aggregability. The cataphoretie velocity of the 
erythrocytes increased with every layer beginning trom the top 
layer, here amounting to 1/2 or 2/3 of the normal cataphoretie 
migration velocity (1.86 /x/sec/volts/cm at p H = 7.4 in an isotonic 
glucose solution with buffer). 

Stephens explained the reduced aggregation tendency in spite 
of the reduced potential as a change in the erythrocyte surface. 
Furthermore, the unripe cells are of a more spherical shape than 
normal erythrocytes. In cases of icterus haemolyticus in man, 
after spleenectomy, and in dog foetes, J. G. Stephens, 1938 (394), 
detected erythrocytes with a decreased aggregability and a 
cataphoretie velocity of only 2/3 of the normal. According to 
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some older and especially a number of recent investigations, 
however, the increased aggregation tendency seems to be connected 
with an increased clectrokinetic potential, in contradistinction to 
the interpretation of Hobcr s school. Primarily, H. L. White and 
B. Monaghan (443) drew our attention towards this point, although 
these authors agree with R. Fahraeus’ hydration theory (cf. below 
p. 43). 

E. Ponder (333) reported a marked aggregation of erythro- 
cytes in spile of a high potential, but he denied the influence of 
charge on this effect. However, he argued that a high electrokin etic 
potential is the cause of the aggregation to rouleaux formation, 
since only a decrease in potential makes irregular conglomerates 
possible. 

R. Hirohata and H. Shimolcawa (200) realized that the cala- 
phorelic velocity of the erythrocytes in their own plasma(I) is 
increased during pregnancy, acute infections, tubercular diseases 
and cancer, and sometimes even reaches twice the value found • 
in normal healthy persons. The calaphorelie velocity is decreased 
by addition to the blood of neutral fat and lecithin, and it is in- 
creased by choleslerin and cliolesterin ester. The erythrocytes 
showed a higher cataphoretic velocity in solutions containing 
fibrinogen and pseudo-globulin than in solutions of euglobulin 
and albumin. The migration velocity of erythrocytes in their 
own plasma was sometimes found to be parallel with the sinking 
reaction, and sometimes not. 

In a comparison of the cataphoretic velocity in different media 
it is necessary to take the viscosity into account, especially when 
dealing with solutions of cmulsoids. This fact has been discussed 
by numerous investigators ( E . Ponder (333), H. A. Abramson (5, 
p. 169), and B .Monaghan and Id. L. White (280)); however, 
the present author is unaware of whether R. Hirohata and H. 
Shimokawa paid due regard to it. 

Id. L. While and B. Monaghan (loc. c/7.) and also A. Id. Abram- 
son (loc. c/7.) found an increasing erythrocyte cataphoretic velocity 
in different animal species, the erythrocyte aggregability increas- 
ing with increasing clectrokinetic potential. The tendency to 
aggregation was measured as a sedimentation in an “artificial” 
plasma consisting of 1 per cent gelatin dissolved in 0.9 per cent 
sodium chloride solution which was brought to p n 7.4 by means 
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of N/50 phosphate buffer (c/. Table 2). This observation is in 
good agreement with J. de Corral and I. Villalonga ’ s classification 
of the erythrocytes of different species, (1932 (68), in rapidly 
and slowly sinldng erythrocytes (cf. p. 11)). H. A. Abramson (3), 
and M. Schechter and Tli. Bliihbaum (367) measured a constant 
cataphoretic velocity (in the same medium at constant p H ) of 
erythrocytes of blood with different sinldng velocity (the same 
species of animals and man), which indicates the same surface 
properties and the same aggregation tendency of the erythrocytes. 
This result confirms R. Fdhraeus ’ view (109) that the plasma 
properties are the dominating factor for the aggregation within 
the same species. 


Table 2. 


(According to B. Bergcnhenx , 1938 (30), slightly modified.) 


Animal 

species 

Sinking vet 
blood cc 

in artificial 
plasma 
(White and 
Monaghan) 

ocily of tl\c 
rpuscles 

in 

own 

plasma 

(Sivedin) 

Catapln 
velocity n/sec 
at p B 
accordn 

White and 
Monaghan 

jretic 
./volt/cm. 
7.4 
-ig Jo 

Abram- 

son 

Isoelec- 
tric point 
pi of ery- 
throcyte 
stromata 
(Whitt 
and Mona- 
ghan) 

Erythro- 

cyte 

choleste- 

rin 

0/ 

loo 

(Sivedin) 

Dog .. 

122 mm/20 

0.2 mm/2 lis. 

1.59 

1.65 

2.7 

2.44 

Horse . 

111 min. 

120 mm/1 li. 

1.56 



1.58 

Man . . 

94 

2-9 mm/1 h. 

1.34 

1.31 


1.66 

Cat . . . 

57 


1.34 

1.39 



Rat . . . 

40 


1.31 

1.45 



Pig . . . 

36 


1.02 

0.98 



Ox.... 

2 

0-4mm/24hs. 

0.98 


3.4 

1.74 

Rabbit 

0 

0.5 mm/1 h. 

0.47 

0.55 

4.3 

1.17 


Riho Hazama, 1937 (183), measured the cataphoretic migration 
velocity of red blood corpuscles in their own plasma and he 
was able to prove that these measurements are of the same 
clinical significance as the corresponding determination of the 
sinking reaction. In other words, also here the electrokinetic 
potential varies symbatically with the total aggregability which 
is determined partly by the erythrocytes and partly by the medium. 

Due to imperfections in the earlier applied technique (dis- 
charge by means of lanthanum nitrate (108) ), R ■ Fahraeiis, 
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(109, p. 147), abandoned the charge theory and assumed that 
the hydrophilic plasma colloids deprive the corpuscle surfaces 
of adsorbed water, thus causing a decrease in the suspension 
stability. According to R. Fahraeus (110), this is in agreement 
with the promoting effect of different emulsoids (gelatin, casein, 
gum arabic) upon the aggregation. The assumption of the corpuscle 
hydration was based upon the fact that the corpuscles are of the 
greatest influence upon the blood viscosity. Herewith the era of 
the hydration theory is initiated. 

In this connection, we shall remind of R. Hirohata and H. 
Shimokawa’s experiments (200) and further experiments by B. 
Monaghan and H. L. White (280) who found an increased 
electrokinetic potential when the aggregability was increased by 
addition of emulsoids. When looking at Table III of the last 
mentioned paper ( loc . cit .) we find the already discussed sequence 
of the cataphoretic velocity of erythrocytes of different species, 
even after addition of emulsoids to the buffer solution. The 
corrected migration velocity and the sinking reaction increased 
with increasing concentration of the respective emulsoids. 

In 1929, R. Fahraeus (3) formulated the principal problem of 
rouleaux formation as follows. “The problem seems to hinge 
upon the manner in which the globulin increase changes the 
interface between the corpuscles and the plasma or, let us say, 
the surface of the red cells. Is it by increasing the surface tension, 
or by reducing the negative electric charge of the corpuscles or 
finally by depriving their surface colloids of adsorbed water?” 

In contrast to J. Oliver and L. Barnard’s interpretation, 1924 
(311), of blood corpuscle suspensions as hydrophobic colloids, 
W. M. Bendien, J. Neuberg and I. Snapper (21) felt forced to 
abandon the critical potential theory, since the erythrocyte 
aggregation is due to a mutual coagulation of colloids, a so-called 
“sensibilization”. The lability of the plasma proteins which is 
decisive in this case does not directly depend on the electric 
charge, but also on the hydration. 

In the repeatedly mentioned, very significant papers by H. L. 
White and B. Monaghan (280 and 443), great stress is laid upon 
the essential influence of the surface hydration upon the aggrega- 
tion, while the electric charge is considered to be of secondary 
importance in spite of the parallelism between aggregation and 
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electric charge. This view is supported by observations concern- 
ing the position of the isoelectric point of the erythrocytes and 
the change of their cataphoretic migration velocity after addition 
of hydrophilic colloids (gelatin, casein, albumin, and fibrinogen). 
If the corpuscles were not hydrated, an increase in the colloid 
concentration should cause a considerably greater decrease in 
the electrophoretic mobility of the corpuscles than the plasma 
proteins. If this is not the case, i. e. if the cataphoretic velocity 
decreases but slightly or even not at all with increasing colloid 
concentration, we must assume that the viscosity in the electric 
double layer of the erythrocytes is already high due to the orient- 
ated water molecules. In agreement with Pdhraeus, White and 
Monaghan emphasize: the thinner the orientated water film, the 
greater the surface energy of the boundary layers; consequently, 
the aggregation must be produced by the dehydration of the 
corpuscle surface through the colloids. However, albumin did 
not cause aggregation, in contrast to casein, fibrinogen, and 
gelatin (cf. R. Hirolxala and H. Shimokawa’ s experiment described 
on p. 41). 

The different cholesterin and lecithin content of the erythro- 
cytes of different species has also been brought into relation to 
the varying aggregability; the greater the lipoid content, the 
easier dehydration and aggregation. According to H. L. White 
and B. Monaghan (443), the low isoelectric points of cholesterin 
and lecithin (pi — 2.2 and 3.2, respectively) cause a high cata- 
phoretic velocity of the erythrocytes at the blood p E when the 
lipoid content of the erythrocytes is high (cf. R. Hirohata and 
H. Shimokawa, p. 41). This is in rather good agreement with 
B. Swedin's determination of the cholesterin content of the blood 
corpuscles (406); (cf. Table 2, p. 42). 

§ 19. MEASUREMENT OF THE SEDIMENTATION VELOCITY 
AND THE SHAPE OF THE SINKING REACTION CURVE. 

In order to render the rate of blood sinking amenable to ob- 
servation over a longer period of time, the blood must be prevented 
from coagulating. Since, however, all substances which inhibit 
coagulation (citrate, oxalate, hirudin, heparin, and so on) cause 
a change in the blood sedimentation, it is actually impossible 



45 


to observe the “natural” sinking and we must confine ourselves 
to the measurement of a well-defined artificial process. 

For the application to macromethods, the blood is gained by a 
vein puncture (after short stasis) and an accurately measured 
amount of citrate is added (for instance, by sucking it up in 
advance into a record syringe). Linzenmeyer used 5 per cent, 
Westergren 3.8 per cent citrate, and a ratio blood : citrate = 4:1 
(cf. the effect of electrolytes, pp. 16 and 22). After careful 
mixing of the blood, the sinking tube is filled immediately and 
is placed vertically. 

In general, A. Westergren s technique, 1924 (436), has been 
employed, but a method described by G. Linzenmeyer, 1920 
(259), 1922 (261), and 1923 (262), has also numerous supporters. 
Linzenmeyer determines the moment when a certain plasma level 
is reached (mark at 18 nun, length of the blood column 50 mm, 
the tube is closed at the top, 70 mm long, 5 mm in diameter). 
Westergren determines the height of the plasma level at given 
moments (mm, after the lapse of 1, 2, and 24 hours; height of 
the blood column 200 mm, tube open at the top, length 300 mm, 
diameter 2.5 mm). For further details regarding the technique 
of measuring blood sinking, cf. the surveys p. 6. 

When speaking in the present paper of the sinking reaction 
in general, Westergren s 1 hour value is always kept in mind. 
The author’s own technique is described on p. 154. 

In order to obtain a more complete picture of the sinking 
reaction convenient for scientific investigations, readings may be 
taken at small lime intervals ( Fahraeus , Westergren, and many 
others). Plotting corresponding values of the height of the plasma 
level and the time from beginning sedimentation in a coordinate 
system leads to the curve of the sinking reaction. Finalfy, photo- 
graphic registration makes a direct observation of the sinking 
reaction possible ( G . Gollnow, 1932 (152), F. Frimbcrger, 1933 
(136), and many others; cf. also H. Reichel, 1936 (351)). 

By means of Westergren' s technique we obtain an S-shaped 
curve of the blood sinking. The shape of the curve has been 
discussed by R. Fahraeus (109), A. Westergren (436), E. Rotlie, 
1924 (358), R. Lundgren, 1927 (266), and B. Swedin (407). 

According to Rathe (Joe. cit.), three regions may be differ- 
entiated, 
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1) “pre-agglutination sinking”, including the first bend of the 
curve; 

2) “agglutination sinking”, represented' by the linear part of 
the curve, and 

3) “sacking” (“Sackung”), the last bend of the curve which 
is caused by a “packing effect”. 

The course of the sinking reaction curve clearly demonstrates 
the predominant influence of the aggregation on the blood sinking, 
viz. a rapid sinking during strong aggregation and a slow sinking 
during slight aggregation, as already emphasized by R. Fahraeu s 
(109). 

As time of aggregation, R. Fahraeus denoted that space of time 
which passes until the aggregates attain their maximum size, 
corresponding to the linear part of the curve. Neither Fahraeus 
nor Liuidgren defined the limits of this time of aggregation; 
according to S. Oden, 1920 (303), it seems reasonable to use the 
point of intersection of the linear part of the curve with the axis 
of abscissae, the latter thus indicating the time, and the axis of 
ordinates representing the route already passed. The time of 
aggregation which is a measure of the aggregation velocity varies 
from one to a few hours in the case of slowly sedimenting blood, 
down to a few minutes in cases of very rapid sinking reactions. 
During the time of aggregation, the erythrocytes sink only very 
slowly. One of B. Swedin’s sedimentation experiments (407) 
carried out in Theorell's cataphoresis apparatus (blood sample 
with a sinking of 24 mm/hour; column of 60 mm, which was 
separated in 6 equal volumes after the lapse of 5 min.) indicated 
no verifiable decrease in concentration (determined by haema- 
tocrite in the upper layers of the suspension during the first phase 
of the sedimentation). 

Fahraeus found furthermore, apart from the dominating in- 
fluence of the growth of the aggregates, a secondary cause of the 
increased sedimentation velocity of the conglomerates, viz. an 
increasing density due to a — more or less complete — pressing 
out of the plasma in the interspaces of the aggregates. 

'The shape of the. sinking reaction curve reveals that sinking 
occurs very slowly until the aggregates have attained a certain 
size. As soon as the linear part of the curve begins, the conglom- 
erates have reached their final size and density, which are not 
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increased during this phase of the sedimentation process (cf. 
later, p. 163). During maximum sinking, the cessation of the 
aggregation is presumably produced by the almost uniform size 
of the aggregates and the rising stream of plasma. When the 
aggregates reach so far that their velocity decreases on account 
of the packing effect a continuation of the aggregation .becomes 
possible. 

H. Gessner s interpretation of the S-formed sinking reaction 
curve, 1931 (151), as an expression of a sedimentation with 
“ortholdnetic” coagulation will be discussed on p. 168. 

Numerous investigators, as for example R. Lundgren (266) and 
B. Swedin (407), realized that the ordinary single reading ( Wester - 
gren’s 1 hour value) does not reveal the true sedimentation velocity. 
The actual rale of sedimentation can only be read in the linear 
part of the sinking reaction curve. In the other regions of the com- 
plicated curve, the sedimentation velocity is determined by the 
tangent of the curve (or the first differential quotient of the func- 
tion describing the curve). On the basis of his tangent method, 
R. Lundgren ( loc . cit .) suggested the measurement of the sinking 
reaction by that sinking per hour which the blood would reach 
at the maximum sinking velocity, corresponding to the linear 
part of the curve. 

In a later discussion, Westergren stated (cited from Swedin 
(407) ) that he had made an attempt to apply the tangent method; 
however, he objected that the tangent was difficult to measure. 
In the meantime, this difficulty seems to be surmounted by means 
of a modification of Swedin s apparatus (cf. below, p. 48). The 
tangent method offers some idea of the extent of aggregation; 
the sedimentation velocity which is proportional to the size of 
the aggregates moreover depends upon the viscosity of the whole 
suspension. Lundgren did not find any certain relation between 
the 1 hour sinking and the maximum sinking determined by the 
tangent method. In other words, the time of aggregation may 
vary independently of the size of the aggregates, corresponding 
to the linear part of the curve. By means of a trick — presum- 
ably mechanical influence such as shaking — which until now 
has been reserved for later publication, Lundgren varied the time 
of aggregation without changing the slope of the linear part of 
the curve. 
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The moment of appearance or the “sacking phase” depends 
on the height of the blood column and on the volume concentrat- 
ion of the erythrocytes. The packing begins the earlier, the 
shorter the blood column and the greater the volume of the 
erythrocytes. This fact is of greatest significance for the practical 
performance of the sinking reaction, where it is important to 
avoid readings in the badly defined and hardly estimable phase 
III. The packing of the corpuscles, which inhibits the sinking 
reaction, may be avoided in Stvediri s modification of the apparatus 
(407) in which the upper end of the sedimentation lube is dosed 
by means of a cock and the tube is immersed into a test-tube 
containing blood. Using this arrangement, the sinking curve be- 
comes completely linear as soon as phase I has been passed. 

In Westergren’s generally applied blood sinking technique, the 
blood column is 200 mm high, these long tubes being of great 
advantage with respect to the accuracy of the readings. At an 
erythrocyte volume concentration of 0.5, the maximum sinking 
measured in columns of 200 mm and .50 mm is 100 and 25 mm, 
respectively. A simple convcrtion from one height of the column 
to another is not permissible, since the beginning of the sacking 
phase depends not only upon the height of the column hut further- 
more on the volume of the blood corpuscles. 

The influence of the lube diameter on the course of the sinking 
reaction has been studied by P. Wiemer, 1927 (450). (For further 
literature, cf. H. Rcichcl, 1936 (351) ). Narrow tubes (often 
applied in difficult and ambiguous micromethods) have some- 
times a promoting and sometimes an inhibiting effect on the 
sinking reaction, markedly dependent on the aggregation pro- 
perties of the individual blood sample (such as coarse, large 
agglutinates in non-anaemic blood, etc.). Above certain dimen- 
sions of about 1.5 mm, the diameter of the tube seems to be 
without any influence on the blood sinking. Westergren’s tube is 
2.5 mm in diameter. 

The method of filling the tubes may also have some influence 
on the results. If the Avail of the tube Avas Avetted above the co- 
lumn during filling — like a test-tube filled from aboA r e (Linzen- 
meyer tube) — an increased sinking reaction lias been observed, 
presumably due to rapidly formed aggregates in the blood flow- 
ing down along the Avail. This may be avoided by sucking the 
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blood into the tube — similar to the filling of a pipette ( West - 
gren’s tube) (H. Reichel, loc. cit.). 

Also the rate of flow of the blood during filling of the sinking 
pipette may affect the results (L. Berczeller and H. Wastl, 1924 
(28), cf. below, pp. 32 and 190). 

An inclination of the vertical sinking tube of only 5 ° already 
produced a marked increase in the sinking reaction. Due to the 
relatively short sedimentation path in an inclined tube, the ag- 
gregates accumulated rapidly and grew like avalanches along the 
lower wall of the lube, while the plasma stream escaped at the 
top. 


Jorgcn E. Thygcsen. 



Section II. 

COLLOID PHYSICS. 

§ 20. COLLOID STABILITY. STOKES’ FORMULA. 

The dispersion degree of a colloidal solution — the decisive 
factor for numerous essential properties — is the statistical result 
of two antagonistic processes, viz. dispersion and condensation 
(f. c. peptization, increase in the number of particles, or decrease 
in their size and, on the other hand, flocculation, coagulation, 
decrease in the number of particles, or increase in their size). 
These processes are characteristic of colloid chemistry. 

If the particles of the colloidal solution were at complete rest 
and not affected by any forces maximum stability would be 
attained and the durability of the system would be infinitely 
long. However, the dispersed particles are affected by various 
forces, primarily by the gravity which — proportional to the 
difference between the specific gravity of the particles and that 
of the suspension fluid — tends to move the particles upwards 
or downwards (sedimentation) and thus to disturb the system. 

Within certain limits, Stokes’ classical formula holds for 
the velocity of falling of a spherical particle (G. G. Stokes, 1845 
(401) and 1851 (402), H. Lamb, 1916 (242), C. W. Oseen , 1927 
(317), and if. Gessner, 1931 (151)). In the case of a laminar 
flow around the sphere, the resistance may be described by the 
formula 

W = (tS-ny r) v, (3) 

where r is the radius of the sphere, v its velocity, and -q the internal 
friction of the suspension fluid. When the sphere is affected by 
an accelerating force, as for example by gravity, it will finally 
obtain a constant velocity. The resistance to motion is then equal 
to the moving force. 

The sedimentation velocity v of a spherical pax'ticle or aggregate 
with radius r, density D, suspended in a fluid of density d and 



51 


internal friction y becomes thus 

v _ force _ j-v r z (D—d)g _ 2 (D — d)g = ^ 
resistance 6 mj r 9y 

where g is the acceleration due to gravity, and C is a constant. 

If coagulation occurs in this colloidal system, the sediment- 
ation velocity is rapidly increased due to the increasing radius 
of the particles, so that a precipitation takes place. 

Since coagulation is conditioned by collisions of particles, 
repulsive and attractive intercorpuscular forces — counteracting 
or promoting the collisions produced by Brownian movements — 
have great influence upon the stability of the system. This is a 
corroboration of the true coagulation theory. 

A number of authors, among whom we find H. S. Allen, 1900 
(16), C. IF. Oseen, 1910 (314) and 1913 (316), H. D. Arnold, 
1911 (17), A. Westgren, 1914 (438), and J. Nordlund, 1918 
(297), investigated experimentally the validity of the sediment- 
ation formula. 

A number of conditions must be fulfilled in order that Stokes’ 
formula applies, viz. 

1) The particle must be smooth, rigid, and spherical. 

2) No sliding is allowed to occur between the medium and 
the particle. 

3) The particle must be large compared with the mean free 
path of the molecules of the suspension fluid. 

4) The velocity of the particle should not exceed a given 
critical value, i. e. its radius must not be too great. 

5) The constant velocity of falling must be attained. 

6) Compared with the dimensions of the particle, those of the 
medium must be infinite. 

Ad 1). 

In the case of blood corpuscles and their aggregates which 
may be regarded as smooth, but neither as rigid nor as spherical, 
it is necessary in analogy to dispersoid analysis to introduce S. 
Oden’s “equivalent radius” (302). The equivalent radius of a 
particle is defined as the radius of the ideal sphere whose velocity 
of falling corresponds to that of the observed particle. Using 
Stokes' formula, we get 


4 * 



VC V 2 (D — d)g' 


( 5 ) 


Due to the Brownian movement, a small, non-spherieal particle 
will change its orientation in the direction of the fall so that the 
hydrodynamic resistance changes. If the measurement of a 
single particle’s sedimentation velocity is replaced by the measure- 
ment of the mean velocity of all particles, the equivalent radius 
calculated from the shape of the particle will agree satisfactorily 
with that derived from the mean velocity. Calculations and 
measurements were performed by A. D. Hall, 1904 (172), and 
E. J. Russell, 1932 (363). Furthermore, J. Bosdli, 1911 (41),' 
measured the sedimentation velocity of the corpuscles of various 
animal species, and R. Fahraeus (109, p. Ill) determined -the 
sedimentation velocity of human corpuscles. 

With the equivalent radius, however, the true dimensions of 
the micelles are not yet described, since the velocity of falling 
moreover depends on the specific gravity which may vary with 
the aggregation as well as on account of the hydration of the 
particles. In the case of corpuscle conglomerates, for example, 
the equivalent radius can decrease even if the true radius in- 
creases, since some of the lighter plasma is enclosed between 
the heavier blood corpuscles during aggregation, and the sediment- 
ation velocity is thus reduced. 


Ad 2), 3), 4), and 5). 

These conditions may be considered fulfilled in the case of 
blood corpuscles. The minute space of time until the velocity of 
falling becomes constant may be disregarded (cf, H. Gessner, 
1931 (151, Table 1, p. 14)). 

Ad 6). 

This condition is not fulfilled in the case of blood corpuscle 
suspensions, due partly to the mutual friction between the part- 
icles and their intercorpuscular forces, partly to the walls of 
the tube. 

E. Cunningham, 1910 (72), was able to prove that Stokes 
law is valid also in concentrated suspensions if a friction coeffici- 
ent is introduced which varies with the concentration of the 
particles. In the case of very dilute suspensions, Stokes' lav 
always holds ( S . Oden, 1932 (305) ). 
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§ 21. THE INFLUENCE OF THE WALLS OF THE VESSELS 
ON THE MOVEMENT OF THE PARTICLES. 

With regard to a later application to the movement of particles 
between piano-parallel walls (p. 170), the formulas which de- 
scribe the influence of the walls will be discussed in detail. 

H. Faxen, 1921 (114), has given a generally valid formula 
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1 


3 
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6 nr) ru 


( 6 ) 


where a = — — , l being the distance between the centre of the 
27 ] 

sphere and the wall, x i. a 0 a complicated function of (a /), and 
all other terms being the same as in the preceding formulas. It 
follows from this formula that the influence of a plane vertical 
wall on the velocity of a falling sphere is a function of the so- 
called Reynold's number (a l ). 

When Reynold’s number is very high (above 5), Faxen’s 
formula is transformed into C. W. Oseen’s resistance formula 
(317) which no longer shows the influence of the surrounding 
walls, 


W = 


Omjrv 



(?) 


Oseen s resistance formula holds at higher velocities of falling 
or at greater radii of the particles, respectively, than in Stokes’ 
formula, the validity of which fails at a radius of about 100 g. 

If Reynold’s number is small, Faxen’s formula gets the form 
of the H. A. Lorentz ' expression, 1906 (264), 


W = 


&7r 77 ru 



( 8 ) 


If we assume, in agreement with A. Westgren, 1918/19 (441), 
the distance (Z) of the particle from each of the walls of a piano- 
parallel cuvette to be equally probable, and furthermore, Lorentz' 
formula to be valid, we get the mean resistance W m 
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where 2 L is the distance between the walls. 

By means of this formula, a correction for the influence of 
the walls upon the movement of the particle parallel to the walls 
may be calculated; either the movement of the particle is due to 
an external force, or to the Brownian movement derived in 
terms of the diffusion constant 


Diffusion constant = 


H@ 1 



9 r , L] 

6 m] r 

l 1 + 16<X-r) ta r| 


( 10 ) 


where H is the gas constant, 6 the absolute temperature, and N 
Avogadro’s number. 

Westgren (439) emphasized, however, that the formula for the 
resistance is scarcely compatible with the formula found experi- 
mentally by himself, viz 

W=&n V rvll +3.4 



§ 22. THE BROWNIAN MOVEMENT OF COLLOIDAL 
PARTICLES. HYDRODYNAMIC PROBLEMS CONCERN- 
ING THE MOVEMENT OF NON-SPHERICAL PARTICLES. 

The Brownian movement of colloidal particles is of fundament- 
al importance as a carrier of dispersion and aggregation which 
are the colloido-physical elementary processes. 

From the view-point of molecular kinetics which proved to 
be especially productive in the elucidation of coagulation problems, 
the theory of the Brownian movement was developed by A. 
Einstein, 1905/22 (95 — 99), and by M. v. Smoluchowski, 1906 
(383) and 1923 (388). The first proofs of the validity of the 
theory and, hence, of the molecule concept were furnished by 
T. Svedberg, 1912 (405), and J. Perrin, 1936 (327). A historical 
survey of the theories of the Brownian molecular movement 
may be found in G. de Haas-Lorentz ' brilliant monography, 
1913 (170). 
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A. Einstein (95) assumed that the colloidal particles (due to 
their Brownian movement) exert the same pressure on a semi- 
permeable wall as the corresponding number of dissolved mole- 
cules; on this assumption, Van’t Hoff's law p = cH 0 got a new 
meaning (p = osmotic pressure, c = the concentration in mols 
per litre of the dissolved substance, H = the gas constant, and 
0 — the absolute temperature). This interpretation of the col- 
loidal particle as a molecular-kinetic unit is also the basis of 
M. v. Smoluchowski’s theory (383) that the particles behave as 
independent gas molecules with a normal kinetic energy, but 
with a very small mean free path. 

Einsteins theory is based upon Maxwell- Boltzmann’s theorem 
according to which the mean energy is equally distributed be- 
tween the state parameters of a system in thermodynamical 
equilibrium. 

The mean square of the fluctuations of the state parameter 
A in the course of time t was calculated by Einstein (97) as 
follows 

— HQ 

A* = 2^~Bt, (12) 

where H is the gas constant, N Avogadro's number, 0 the absolute 
temperature, and B the mobility of the system according to the 
state parameter. 

The mean square of the displacement of the suspended sphere 
in the direction of the rc-axis is 
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t 


since B = 


6 7ttj r 


(13) 


Correspondingly, the mean square of the rotation displace- 
ment of a sphere A r in the time interval t becomes 


— n H& 
A ; = 2 


N 8 7 rrj r 3 


t , where the mobility B = 


8 7777 r 3 


(14) 


As is evident from the formulas, with increasing radius of the 
particle the rotation movement decreases more rapidly than the 
translational movement. 

If the displacement of the particle in the direction of the a>axis 
is expressed by means of the diffusion coefficient. 
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D = 


HQ 1 
N 6-7 T7) r 


we get x 2 = 2 Z)f. 


(15) 


The mean square of the displacement in a plane or in space 
is 


x 2 = if = z 2 = 2 Dt; 


x 2 y 2 ~ 4 Dt, 

x 2 y 2 z 2 = QDt, 


according to the rules of addition of the independent square 
errors. 

With regard to the Brownian movement of non-spherical 
particles and their movement due to external forces, it seems 
necessary to discuss some hydrodynamics. The particles (erythro- 
cytes) which move in a viscous fluid (the plasma) are regarded 
as oblate ellipsoids of revolution. 

The fundamental hydrodynamic equations may be employed 
in G. G. Stokes’ approximative form if the movements are suffici- 
ently slow (H. Lamb, 1916 (242) ). By integration of these equa- 
tions, A. Oberbeck, 1876 (300), obtained the friction coefficients 
of the translational movement of ellipsoids, and D. Edwardes, 
1892 (88), found the friction coefficients of the rotation of ellips- 
oids. 

We confine ourselves to the discussion of oblate ellipsoids of 
revolution. If a denotes the half length of the axis of symmetry 
and 6 = c the lengths of both other semi-axes, where a < b — c, 
and A, B, C, and S be the elliptic integrals. 
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(19) 


where s is only an integration variable; the principal friction 
coefficients of translation (in the directions of the main axes) 
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fa’ fb’ fc > an d °f rotation (around the main axes) R a , R b> R c , may 
be expressed as 

16 777? f f 16 7T77 

A«~S + a2 A Tb-Tc- s + b 2 B r2Q) 

_ 16 777? 1 J, „ 16777? b 2 -f a 2 

a ~ 3 B b ~ c 3 b 2 B + a 2 A 

Edwardes final formula of the friction coefficient of the ro- 
tating ellipsoid is wrong, since the numerical factor 32/5 must 
be replaced by 16/3 when the coefficient of the last term of the 
preceding equation is corrected to 4. 

K. Przibram, 1912/14 (339, 340, 341), investigated experiment- 
ally the Brownian movement of ellipsoid particles, while R. Gans 
1928 (145, 146, 147), and F. Perrin 1934/36, (328, 329), treated 
the problem theoretically. 

In section III, § 35 (p. 110) of the present paper, the reader 
wall find a brief deduction of the formula which describes the 
translational motion of an ellipsoid of revolution. 


§ 23. THE ELECTRIC CHARGE OF THE COLLOIDAL 

PARTICLE. 

Without giving historical data which may be found in the 
survey by H. A. Abramson, (5, pp. 17 and 40), it may be established 
that the conception of an electric double layer on the surface of 
the colloidal particles — similar to other interfaces — is not at 
all new. 

In numerous experiments, the electric double layer has been 
proved to be a physical reality of greatest significance for the 
analysis of the reaction mechanism of colloids. Therefore, the 
most important theories of the structure of the double layer will 
be outlined here. 

Helmholtz-Smoluchowski’s theory from 1879 (185) and 1912/21 
(385) considered the electric double layer to be a simple piano- 
parallel condenser, f. e. two infinitely thin surface charges at a 
constant distance. 

On the boundary layer, however, osmotic and electrostatic 
forces develop which, according to the diffusion laws, tend to 
produce a continuous transition between these two phases. With 
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his hypothesis of the diffuse double layer, G. Gouy, 1909/17 
(154—156), supposed the ion distribution to be in equilibrium 
with the mentioned forces. 

D. L. Chapmann’s, 1913 (64), and K. F. Herzf eld’s application, 
1920 (191), of S. D. Poisson’s differential equation.for the calculat- 
ion of the ion distribution in the diffuse double layer prepared 
the way for P. Debye and E. Hiickel’s elegant ion theory, 1923 
(77, 78), E. Hiickel, 1924 (208), (W. Orthmann , 1927 (313), 
H. Falkenhagen, 1932 (111), and 1935 (112) ). 

Furthermore, A. Gyemant, 1923 (166), published a mathematic- 
al evaluation of Gouy’s theory. H. Muller, 1933 (289), applied 
Debye’s theory to the calculation of the ion distribution in the 
double layer. Finally, 0. Stern’s picture of the electric double 
layer, 1924 (396), represents a combination of the rigid Hdm- 
holtz-Smoluchowski layer and the diffuse Gouy- Chapmann- H erz- 
feld layer. A discussion of 0. Stern’s theory may be found in 
F. Urban and H. L. White's paper, 1932 (426). 

The most recent studies of the double layer of colloidal part- 
icles may be found in the discussions of The Faraday Society , 
1940 (113). 

The charge of a colloidal particle may originate 

1) from adsorption of ions from the dispersion medium, 

2) from dissociation of molecules on the surface of the part- 
icles. 

In the derivation of his brilliant ionization theory of the 
polyvalent ampholytes of a simple type, K. Linderstrom- 
Lang , 1924 (257), arrived at the same result assuming 
either adsorption or ionization. 

3) The charge of particles may also develop as a so-called 
“phase boundary potential” (W. Nernst, cf. L. Michaelis, 
1922 (276) ) due to different ion activities in the two phases, 
medium and particle surface. However, this possibility 
does not exist if one phase is solid. 

4) Finally, the charge of the particle may be the result of a 
combination of the mentioned possibilities. 

F. G. Donnan s membrane potential (cf. T. R. Bolam, 1932 
(40) ), which is produced by an unequal distribution of the 
electrolyte in the two phases separated by the membrane, for 
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example plasma and erythrocyte content, can scarcely be consider- 
ed the cause of the particle charge (cf. below). 

In the older literature, H. Netter, 1925 (294), discussed the 
origin of the charge of the erythrocytes. 

It is generally assumed that only the diffuse region of the 
double layer which may be moved relative to. the boundary 
layer is decisive for the electrokinetic phenomena. M. v. Smolu- 
chowski, 1912/21 (385), A. Gyemant , 1923 (166), H. Freimdlich , 
1930 (125, I, p. 356), and many others assumed that the electro- 
kinetic potential can only be part of the total potential difference 
between the two phases (Nernst ' s thermodynamic potential). 
Freundlich denoted the electrokinetic potential also as £- po- 
tential. 

In the case of erythrocytes, the thermodynamic potential pos- 
sibly corresponds to Dorman s membrane potential which is 
caused by an unequal electrolyte distribution between the plasma 
and the interior of the corpuscles. As regards the Donnan potential 
of red cells, it may be referred to the investigations by E. J. 
Warburg, 1922 (432), 0. M. Henriques, 1929 (188) and 1935 
(189), E. Schiodt, 1931 (368), and T. R. Bolam, 1932 (40). The 
magnitude of the Donnan potential is about 10 millivolts while 
the electrokinetic potential amounts to about 20 millivolts, both 
measured at the normal p H of the blood. In contrast to Smoluchow- 
ski's and others’ interpretations, the thermodynamic potential 
of the erythrocytes is less than their electrokinetic potential. 

The question of the significance of the Donnan potential for 
the aggregation, however, is of extreme importance for the present 
paper and especially for the author’s new aggregation theory 
(cf. § 38, p. 147). Since erythrocyte ghosts and intact erythrocytes 
— as discussed on p. 40 — show the same cataphoretic velocity, 
the electrokinetic potential of the red cells must be independent 
of the Donnan potential. 

On account of the symbasy between the aggregation tendency 
of the erythrocytes and their electrokinetic potential which is 
independent of the Donnan potential it seems probable that the 
aggregation forces also lack connection with the Donnan potential. 
To support this view, we may point at the corresponding behav- 
iour of erythrocyte- and erythrocyte ghost-aggregations in media 
with different electrolyte content. F. Haffner, 1922 (171), thus 
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found the best precipitation of erythrocyte ghosts in dialysatcs 
with the lowest content of electrolytes. 

Presumably, it is generally true that the thermodynamic and 
the electrokinetic potentials are incommensurable magnitudes (cf, 
also R. Hbber, 1926 (204, p. 755)). 

H. B. Bull and R. A. Gortner, 1932 (51), used the electrokinetic 
measurements primarily as a means of obtaining the electric 
momentum (charge times thickness) of the double layer, and 
only secondarily for the determination of the ^-potential. 

£ is reduced by a reduction of the thickness of the double 
layer ; this may explain the greatly discharging effect of the poly- 
valent ions. (Cf. H. Muller, 1928 (287), § 25 “Real coagulation 
theory etc” , p. -64). 

Considering electrokinetic phenomena, Helmholtz’ and Gouy's 
double layers (of the same thickness) are not equivalent. The 
reconstruction of a theory in agreement with Gouy's picture of 
the double layer has occupied numerous authors (cf. J. J. Biker - 
mann, 1933 (36), where further references may be found). 

If the radius of curvature of the particle surface is great com- 
pared with the thickness of the double layer, the constant of 
Helmholtz' equation becomes % ^ (#• A. Abramson, 1934 (5, 
p. 107)). 

P. Debye and E. Hiickel, 1924 (79, 80), found a value of 1 / 6 ^ 
in the case of ions the radius of which was small compared with 
the thickness of the ion atmosphere. This was also emphasized 
by M. Mooney , 1931 (282). D. C. Henry. 1931 (190), pointed out 
that the cataphoretic mobility of cylindrical particles must be 
dependent on their orientation if the Debye-Hiickel theory is 
valid (cf. p. 39). 

Since the electric conductivity of the suspensions does not 
directly enter Helmholtz ’ equation, the internal friction y of the 
medium becomes the most markedly temperature dependent 
factor. In the case of a silver hydrosol of low conductivity, E. F. 
Burton, 1906 (52), found the cataphoretic velocity v and the 
interna] friction y to be inversely proportional, viz. 

vrt — ~ (D — constant. (20 

4 7T 

Since the dielectric constant D is reduced with increasing tern- 
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perature, the electrokinetic potential £ must be correspondingly 
increased. 

The cataphoretic velocity of colloidal particles depends on 
the electrolyte content and the p B of the suspension fluid ; in the 
case of red cells, cf. p. 39 ( Kozawa’s experiments) and p. 27. 

As a consequence of the movement of a colloidal particle, an 
electromotive counter force appears due to displacements of the 
electric double layer (H. Frcundlich (125, I, p. 10) ) so that 
electric work must be performed (cf. W. B. Hardy , 1900 (176), 
and his interpretation of the electric double layer as a stabilizer 
described here on p. 64), which apparently increases the vis- 
cosity; this phenomenon is the so-called electro-viscous effect. 
On the basis of Einsteins viscosity formula, 1906 (96) and 1911 
(98), M. v. Smoluchowski calculated a quantitative expression. 
Disregarding the high electric charge of the red cells, the electro- 
viscous effect is without any importance to the blood (NB. the 
high conductivity of the medium, the plasma). . 

H. A. Abramson and L. S. Moyer, 1936 (7), calculated the 
charge density on the erythrocytes of various animal species by 
means of a generalized Gouy's theory and starting from cata- 
phoresis data available. In the case of large particles ( H . A. 
Abramson, (5 p. 110), H. A. Abramson and H. Muller (8 and 9), 
and J. A. Butler, 1940 (56) ), we get thus 


1 / NDk6 

tr ~-y 2000 77 ■ 





, ( 22 ) 


where <x is the charge density, D the dielectric constant of the 
double layer, N Avogadro's number, k the Boltzmann constant, 
8 the absolute temperature, f the electronic charge (4.77 • 10~ 10 
electrostatic units), £ the electrokinetic potential, z the ion valency, 
and C the concentration of ions (“in the body of the solution”) 
in mols per litre. (A similar formula may be found in a paper 
by j R. Audubert, 1933 (18) ). cr has the same sign as £; all magni- 
tudes are expressed in cm. g. sec., and electrostatic units (the 
c. g. s. -system). The density of charge times area gives the net 
charge of the particles, and dividing the net charge by the elec- 
tronic charge leads to the number of electron charges per part- 
icle (i. e. the valency). If the electronic charge is assumed to fill 
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a space of 10~ 15 cm 2 , that part of the particle which is covered 
with charge may be calculated; this surface hardly ever exceeds 
1 per cent. 

Human erythrocytes in an isotonic phosphate buffer at p = 

7.4 show a cataphoretic velocity of 1.31 p/sec/volt/cm., correspond- 
ing to an electrokinetic potential £ = 0.0168 volt and a charge 
density of a — 45 000 e. s. units. At an area of 1.63 • 10~~ 6 cm 2 , 
the net charge becomes 7.34 • 10~ 3 e. s. units, in other words 

15.4 • 10 6 electronic charges which fill up 0.94 per cent of 
the erythrocyte surface. 

Human erythrocytes carry the highest number of charges 
among all animal species investigated (cf. Abramson and Moyer's 
table!). Since H. A. Abramson investigating various types of 
anaemia found identical cataphoretic velocity of macro- and 
microcytes, the charge density must be regarded as the same. 
(Due to their greater area the greater cells show of course a greater 
net charge). H. A. Abramson and L. S. Moyer (foe. cit .) therefore 
assumed a mechanism which regulates the charge density, an 
idea which was set forth for the first time by G. Hevesy, 1917 
(196), with respect to ions and colloidal particles. Hevesy sup- 
posed the existence of a relation between the size of the ions 
and the independence of ionic mobility of the charge; in the 
case of ordinary ions, he assumed the ratio ion charge : radius 
to be constant. The charge of colloidal particles increases with 
the square of the radius. 

In connection with the electric charge of colloidal particles 
as a decisive factor for the aggregation process, the structure of 
the solution may claim some interest. 

In order to explain the behaviour of different colloids, a theory 
reappeared from time to time, viz. that water might be adsorbed 
to the surface of the colloidal particle — similar to the hydration 
theory of ordinary electrolytic ions. {Cf. R. Fdhraeus' hypothesis 
as regards the corpuscle surface, p. 43). 

The concept of “adsorbed water”, however, led to the delusive 
idea of water which should be more or less bound to the surface 
of the particle. On the basis of recent X-ray investigations (for 
literature, cf. S. S. Kistler, 1932 (226), and G. W. Stewart, 1939 
(399) ), it must, however, be assumed that the molecules of the 
solvent are continuously associated to unstable complex com- 
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pounds of crystal-like structure ( Stewart’s cybotactical complexes, 
Kisller' s cybomas). 

The existence of these molecule associations in the solvent 
were used by S. S. Ristler (loc. cit .) in order to explain the aggrega- 
tion of hydrophobic particles. In spite of the fact that this question 
belongs to the treatment of the real coagulation theory (cf. § 25, 
p. 64) the theory may be outlined in brief. If the surface of a 
particle is indifferent, it will reflect all cybomas which might 
hit it. A hydrophilic and a hydrophobic surface will give rise 
to increased formation or disintegration, respectively, of cy- 
bomas, so that more or less cybomas will be found at a 
hydrophilic or hydrophobic surface. If the hydrophobic particles 
approach each other, they are forced closer together due to the 
surrounding cybomas which show a high diffusibility as a cause 
of their smallness (however, cf. the critical remarks concerning 
N. Rasheusky’s hypothesis, here p. 193); inversely, hydrophilic 
particles will repulse each other. The author has refrained from 
any attempt to apply this hypothesis to erythrocyte aggregations. 

§ 24. METHODS OF MEASURING COAGULATION *). 

A. Direct methods. 

1) Since the forces interacting between the particles of a col- 
loidal solution determine their aggregation and thus the coagula- 
tion of the colloid, the ideal investigation of this process should 
aim at the determination of these forces. However, no such 
method is known, and the quantitative course of coagulation has 
therefore been studied by measuring the “rate of coagulation” 
( H . Freundlich, 1932 (125, II, p. 114) ). 

2) In the counting method, the microscopic or ultramicro- 
scopic estimation of the number of particles at various times is 
applied. 

B. Indirect methods. 

In connection with the counting method, the application of 
the sedimentation analysis to coagulating systems should be 

*) In this paper, the term “coagulation” is used in the colloid chemical 
sense, only — flocculation or aggregation — without taking the reversibility 
or irreversibility of this process into consideration. 
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mentioned, since it has in view to determine quantitatively the 
dispersion degree of the system to be investigated by means of 
measuring the quantity of the different aggregates (granulometry). 
As, however, in sedimentation analysis several indirect methods 
are applied, it has been included in a number of indirect methods. 

1) Optical methods of observation either of the transparency 
of the colloidal sol or of the intensity of its Tyndall pheno- 
menon (“ Tyndall cone”).'') • 

2) Measurement of the viscosity of the sol. 

3) Determination of the electric conductivity of the sol. 

4) Measurement of the flocculation by means of specific 
gravity estimations of the suspension; direct weighing of 
the sediment, or 

5) Quantitative chemical analysis of the flocculated mass, cfc. 

§ 25. REAL COAGULATION THEORY, CRITICAL POTENTIAL 

THEORY, ETC. 

Ions are the most sensitive regulators of the colloidal state, 
especially in the case of hydrophobic colloids which show low 
stability. 

W. B. Hardy, 1899 (175) and 1900 (176, 177), was the first 
to observe a certain relationship between the electrolyte sensitivity 
of the colloids and the change of sign of their cataplioretic migrat- 
ion velocity. He noticed that thermodenaturated egg albumin 
sol was stable in acid and alkaline solutions where it moved to 
the cathode and anode, respectively, while precipitation occurred 
just at the »isoelectric point« (Hardy) where the migration velo- 
city was zero. 

Hardy (176) considered the electric double layer to be the 
cause of colloid stability, since the double layer would resist to 
a particle movement, thus counteracting the performance of 
electric work. (However, the electro- viscous effect due to its 
minute order of magnitude does not play any part in this connect- 
ion; cf, p. 61). 

The ability of salts to produce precipitation of colloids was 
already known to Th. Graham . Hardy observed that the charge 

*) The principle used is generally denoted as nepheloinetry. 
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of the coagulating ion was always opposite to that of the colloidal 
particle ( Hardy’s law of precipitation), and the investigations 
carried out by H. Schulze, 1882/83 (374, 375), concerning the 
coagulation power of various salts on arsenic trisulfide sol re- 
vealed that the coagulation ability increased with increasing 
ion valency (Schulze’s valency rule, cf. TV. Ostwald, 1920 
(319)). 

Coagulation in relation to cataphoresis of the particles was 
studied quantitatively by E. F. Burton, 1906 (52, 53), 1909 (54) 
and 1926 (55), R. Ellis, 1912 (103, 104), F. Powis, 1914 (337) 
and 1916 (338), and H. Freundlich and H. P. Zeli, 1925 
(129). 

The creators of the so-called critical potential theory, R. Ellis 
and F. Powis, studied oil emulsions (without emulsifiei-) and they 
improved Hardy’s isoelectric theory. While this theory only 
permitted coagulation at the particle potential zero and therefore 
not actually explained the stability of colloidal solutions, Ellis and 
Powis were able to prove that emulsions and suspensions are 
stable only as long as the electrolcinelic potential of the particles 
exceeds a given critical value. As soon as the critical potential 
is reached, the colloid becomes instable and begins coagulating, 
the rate of coagulation increasing with decreasing potential. 

In the case of oil emulsions, F. Powis (loc. cit.)- found almost 
the same value of the critical potential • (c. 30 millivolts) for all 
electrolytes. His later investigations of arsenic trisulfide sol, 
however, revealed that this potential is not the same for different 
cations (cations, since As 2 S 3 is a negative colloid). Different ions 
of the same valency can frequently be ordered in Hofmeister' s 
lyotropic series according to their coagulation power. The ions 
seem to produce changes in potential which are in some relation 
to their position within the ionic series. This interesting phenomen- 
on has first been observed by A. Westgren (440) on gold suspens- 
ions and has been investigated thoroughly by P. Tuorila on 
gold suspensions, 1926 (421), and on paraffin-, clay-, quartz-, 
and sodium permutite suspensions, 1928 (423). 

In principle, the decrease in electrokinelic potential of hydro- 
phobic particles cannot exclusively be caused by a reduction of 
the charge of the particle, but it must moreover originate partially 
in a reduction of the thickness of the electric double layer. In 
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this connection, H. Muller's quantitative hypothesis, 1928 (287) 
is very remarkable, inasmuch as it explains the reduction of the 
electrokinelic potential after addition of oppositely charged ions 
of different valencies by a change of the thickness of the diffuse 
double layer. 

Also H. Freundlich, K. Joachimsohn and G. Ettisch, 1929 
(128), supposed that coagulation appears when the ^-potential 
is reduced to a given critical value, however, this is not identical 
with a discharge of the particles.*) In numerous cases, in re- 
charge phenomena for example, where the variation of the 
electrokinetic potential with the electrolyte concentration cannot 
exclusively be explained by a change of thickness of the double 
layer, it must furthermore be assumed that the charge of the 
particles changes due to ion adsorption. 

Since the total surface of the particles towards the dispersion 
medium is reduced by aggregation, numerous authors (F. G. 
Donnan, 1903 (84), A. Gyemant, 1926 (167), A, March, 1927 
(271), W. C. M. Lewis, 1932 (253), and others) considered this 
part of the coagulation process a direct consequence of interfacial 
tension; the stable state of the suspension should be attained by 
reduction of the surface energy of the particles due to the electro- 
static forces of the electric double layer. 

It seems difficult to find an agreement between Gijemant’s and 
Lewis’ theories which admit the existence side by side of part- 
icles of different sizes and the Wiegner-Galecki effect described 
on page 75. 

On the basis of thermodynamic calculations, A. March ( loc . 
cit.') found the measured electrokinetic potentials to be about 
10 times too small to secure stability during electric repulsion. 
Therefore he assumed — as already adopted previously by W. 
Ramsden , 1904 (346), F. G. Donnan and H. E. Potts , 1910 (85) 
— that the particles are shielded by a highly viscous skin. H. 
Muller, 1935 (291), explained the existence of this skin by means 
of the electrostriction of the medium due to the electric field m 
the double layer. 

S. S. Iiistler’s theory of coagulation of hydrophobic particles 
has been described in a preceding section (p. 63). 


*) Addendum: Cf, H. A. Abramson’s remarks (113, p. 14) concerning tbe 
influence of salts on the cataphorelic velocity of the particles. 
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§ 26. GENERAL COAGULATION THEORY. INTRODUCTION. 

G. Wiegner, 1928 (446), published an excellent survey of the 
general coagulation theory of hydrophobic colloids which will 
be discussed in the following. 

According to the critical potential theory, coagulation occurs 
as soon as the charge of the particles has fallen below a given 
(critical) value. In agreement with the statistical-mechanical 
interpretation, not all particle collisions take place with the same 
energy and, consequently, only part of the collisions will cause 
aggregation. With decreasing potential, the effective collisions are 
more frequent and they reach a maximum at the potential zero. 

According to R. Zsigmondy and M. v. Smoluchowski (387), we 
must differentiate between “slow” and “rapid” coagulation. If 
only a fraction of all collisions results in aggregation, the system 
is in a stale of “slow” coagulation; if, however, aggregation 
lakes place at every collision, we speak of “rapid” coagulation. 
“Rapid” coagulation means only that state in which aggregation 
occurs with a given maximum speed, without talcing into account 
whether the time necessary for coagulation is long or short. If 
the collision of particles due to their Brownian movement is 
equally probable in all directions, the phenomenon is termed 
“pcrikinetic coagulation” (G. Wiegner). If the probability of 
collision is greater in one direction than in oilier directions — 
for example, in the case of large particles moving relative to 
small ones due to gravity or centrifugal force — the state is termed 
“orlhokinelic coagulation” (G. Wiegner ), 

If the colloidal system exclusively contains particles of uniform 
size, we may speak of a monodispersive system. Systems with 
particles of two or several different sizes may be denoted as 
bidispersive and polydispersive, respectively. Slow or rapid 
pcrikinetic coagulation may lake place in monodispersive or poly- 
dispersive systems, while the appearance of (slow or rapid) orlho- 
kinetic coagulation seems to be restricted to polydispersive systems. 

§ 27. SMOLUCHOWSKI’S MATHEMATICAL COAGULATION 
THEORY (“SLOW” AND “RAPID” PERIKINETIC 
COAGULATION OF MONODISPERSIVE SYSTEMS). 

On the basis of Zsigmondy’s findings, Smoluchowski (387) 
developed the first useful coagulation theory. Even though his 
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theoretico-physical investigations — owing to their nature — are 
based upon a number of “ideal” suppositions which hardly are 
fulfilled to completeness, his theory describes almost quantitat- 
ively the coagulation of hydrophobic colloids. 

The suppositions of the theory may be summarized as follows 

1) that particles and micelles are spherical, 

2) that the original colloid is monodispersive and that an 
approximate monodispersity is prevailing during coagula- 
tion, 

3) that each particle is surrounded by a given sphere of action 
where the attractive (adhesive) forces are so great that the 
particles unite “permanently"; the forces outside the sphere 
are put equal to zero, 

4) that the frequency of collision of particles is determined 
by the Brownian movement, 

5) that other movements of the micelles due to sedimentation, 
stirring, etc., can be disregarded, 

6) that only the stationary (i. c. time independent) distribution 
of particles round the nuclei of condensation is of any 
significance for coagulation, 

7) that the tendency to aggregation is the same for micelles 
of any (arbitrary) multiplicity. 

The third supposition — that the forces interacting between 
the particles can be described by such a sphere of action — 
signifies an essential simplification of the mathematical evalua- 
tion. The author’s calculations concerning the dependence of the 
radius of action on the intercorpuscular forces prove that this 
assumption may lead to reasonable results {cf. p. 97). 

Smoluchowski calculated the average number of particles which 
due to their Brownian movement within a given space of time enter 
the sphere of action surrounding an arbitrary particle which must 
be considered temporarily immobile and forming a nucleus of 
condensation. 

Since a diffusion process may be regarded as the macroscopic 
manifestation of the Brownian movement, the present problem 
can be solved by calculating a corresponding diffusion problem- 
If the nucleus of condensation is assumed to be a completely 
absorbent sphere floating in the centre of . an infinite medium, 
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the solution of the diffusion equation (written according to the 
formula of spherical symmetry) must satisfy the following 
boundary conditions. 

At any time, the concentration of particles on the surface of 
the sphere of action must he zero, while outside this surface it 
must have a constant value at the time zero. 

Smoluchowski’ s expression for the indiffused amount of parl- 
icles consists of two components, one of which is time independ- 
ent and one dependent on time, the influence of which, however, 
subsides very rapidly after beginning coagulation. 

On account of the time dependent component, the quantity 
coagulated per unit of time will be somewhat greater in the be- 
ginning, since the concentration of particles exactly around the 
nuclei of condensation decreases below the constant value found 
everywhere at the time zero. As soon as such a decrease in con- 
cenlx-ation is established round the nuclei of coagulation, the state 
will become stationary, since just as many particles will diffuse 
in as will be captured by the nucleus of condensation. 

In his preliminary calculations, Smoluchowski assumed the 
nucleus of condensation to be immobile; however, as this nucleus 
is a random particle performing Brownian movements just as 
all other particles, this properly has to be taken into account. 
Since coagulation is determined exclusively by the relative 
movements of the nucleus and the particle, i. e. a new Brownian 
movement with a corresponding diffusion constant equal to the 
sum of the respective diffusion constants, Smoluchowski reckons 
with a mutual diffusion constant twice that of the individual 
particles. 

Finally, the concentration of the various aggregates at any 
time may be determined by solving a system of simultaneous 
differential equations similar to those known from the kinetics 
of some chemical processes or from the disintegration of radio- 
active substances, where a number of intermediate products are 
formed and later transformed again. 

If i' 0 denotes the initial number of particles per unit volume 
at the time t = 0, and v v v„, v 3 etc. the numbers of single, 
double, triple etc. particles, the total number of particles is 
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determined by the differential equation 
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where a = 4 tt D R, as D is the diffusion constant, and H the 
radius of the sphere of action. If the number of particles is ex- 
pressed as a fraction of the total number, a dt gives the number 
of particles caught up by an arbitrary nucleus of condensation 
in the time interval dt. The magnitude a has often been termed 
coagulation probability. 

With the initial condition Uv — v 0 at t — 0, we get 
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The constant T ~ — , which has the dimension of a time, is 

^0 y 

called (half) the coagulation time. If t — T we get £ v — |- 


On the basis of the result for Sv, Smoluchowski was able to 
integrate the other differential equations and he obtained thus 
the following expression for the different particles 
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The number of /c-fold particles reaches a maximum at 



and this maximum amounts to 


(27) 
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Vj and Sv decrease rapidly in the beginning and slowly later 
on, v 1 decreasing more rapidly than Sv; v 2 , v 3 , etc. increase from 
zero, passing a maximum at a more and more delayed time, 
finally decreasing again. 
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The comparison of coagulation measurements is based upon 
so-called “reduced” curves, where the relative number of part- 
icles — , — , — , — , etc. is plotted against the time in multiples 
>'o J 'o l 'o l 'o 1 

of the coagulation time. In this way (Fig. 1, below) a satisfactory 

picture of the course of coagulation is attained. 


Decrease in the number of different 
particles during “rapid” monodispersive 
coagulation (according to M. v. Smolu- 
chowski, 1917 ( 387 ) ). 


Ordinates:—, number of particles as 

>'o 

fractions of the initial num- 
ber of single particles, t- 0 . 

Abscissae: time t in multiples of the 


coagulation lime T (denot- 
ed as {> on the figure). 


2V is the total number of particles, 
v t , i- 2 , etc. the number of single, double, 
etc. particles. 



How far coagulation follows Smoluchowski's theory may be 
decided by investigating 


1) whether the attraction radius is constant in the course of 
an experiment; 

2) whether the attraction radius is constant at different initial 
concentrations or, in other words, whether the initial con- 
centration is inversely proportional to the time of coagula- 
tion (r 0 T = constant); 

3) whether the coagulation probability a is independent of the 
radius of the particle, since 


a 


1 


= 4 ttDR = 


2 k& R 

3 i) r * 


(29) 


where R increases proportional to r; k is the Boltzmann 
entropy constant, © the absolute temperature, and rj the 
viscosity coefficient of the suspension medium; 

4) whether a at various temperatures is proportional to — • 

V 

The importance of the radius of attraction is most readily under- 
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stood by studying the ratio between attraction radius and part- 
icle radius, — • 

R r 

If - — 2 (hence R = 2 r), coagulation occurs only by touching. 

If ~ > 2, aggregation takes place only, according to Smotuchow 

ski, when the distance between the centres of gravity of the part- 
icles is smaller than or equal to R. 

If ~ <2, Smoluchowski assumes that only a fraction e of the 

collisions between the particles results in coagulation; on this 
basis, he develops his theory of “slow” coagulation, where a 
is replaced by ae. 

Smoluchowski’s theory of rapid coagulation was confirmed by 
a number of investigations. 

R. Zsigmondy, 1917 (460), determined ultramicroscopically the 
decrease in the total number of particles 2 v in a gold sol which was 
brought to rapid coagulation by addition of electrolytes. The 
number of individual particles was calculated on the basis of 

the mean value of ^ which was constant during the single experi- 
ment, except lor the very first moment. As the single particles in 
these experiments appeared green, the aggregates, however, 
yellow, Zsigmondy was able to determine the number of single 
particles, and his values were in good agreement with the cal- 

R 

culated numbers at different times. The values of - obtained 

r 

varied between 2 and 3. 

When investigating the variation of 2 v in a gold sol, d. West- 

grcn and J. Reitstotter, 1917 (442), found ~ — 2.3 (mean value). 

The course of coagulation was independent of the size of the 
particles within rather wide limits. 

A. Eliringhaus and R. Wintgen, 1923 (92), who studied the 
coagulation of gold particles in the borax pearl at 925° C and 
determined the decrease of 2 v with the time of glowing, found 

— — 2.3, except for one experiment where — = 13.7. 

H. R. Kruyt and A. E. van Arkel, 1920 (234), investigated 
selenium sols. 
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H. Lachs and S. Goldberg , 1922 (240), as well as M. Garner 
and W. C. M. Lewis, 1926 (148), made experiments with gold 
sols at different temperatures and they proved, in agreement 
with Smoluchowski’s theory, an approximate proportionality be- 

1 , 0 
tween a = — - and — . 

v„7 y 

When measuring gold-, paraffin-, clay-, and graphite suspens- 

ions, P. Tuorila, 1927 (422), recorded values of — between 2 

r 

and 3. The size of the particles was without any influence on 
the course of coagulation. 

Smoluchowski’s formulas of slow coagulation have also repeated- 
ly been checked experimentally. 

A. Wcslgren, 1918 (440), performed comprehensive measure- 
ments on gold sols, and H. Liiers, 1920 (268), investigated the 
flocculation of Congo Rubin sols. The results of both authors 
confirm the theory. 

As an essential disagreement with the theory we must consider 
5. Oden s experiments on sulfur and silver sols, 1920 (303), P. 
Tuorila ’ s measurements on gold sols (421), and the studies of 
a few others, revealing that the rate of slow coagulation depends 
on the size of the particles. Within the same system, large part- 
icles coagulate more rapidly than small ones and, hence, the 
fraction (e) of effective collisions must be greater in the case of 
large than of small particles. According to the theoretical consider- 
ations by H. Miiller (287, p. 307), e increases with increasing 
radius of the particles. 


§ 28. PERIKINETIC COAGULATION OF POLYDISPERS1VE 

SYSTEMS. 

When calculating the coagulation of a monodispersive system, 
M. v. Smoluchowski (387) assumed that multiple particles formed 
during coagulation have radii of action which are proportional 
to the radii of the approximately spherical aggregates. 

The ra.dius of action B ik at the collision between two aggregates 
of the radii of action R { and R k , in analogy to the molecular gas 
theory, is equal to 


R* = {■ (.Rt + Rk). 


(30) 
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Since, according to Einstein (cf. p. 56), the diffusion coefficient 
of a sphere is inversely proportional to the radius, we get 


DihRih— 


DR (Rj + Rtf 
2 RiR k 


(31) 


where D and R are diffusion coefficient and radius of action 
respectively, of the single particles. 

If R i = R k > we S et 

2 DR 

and 

2 it Dik Ra — 4 v DR — a, (32) 

which means that the coagulation probability of the aggregation 
of two multiple particles whose radii do not differ essentially is 
equal to the coagulation probability of two single particles. 

If the coagulation probability of the particles i and k is denoted 
as W a ., we get 

W ik =2nR il D ik (33) 

and, in the case of equal particles, 

Wa ==27 tRu Du . (31) 


Since the diffusion coefficient is 


we obtain 




kQ 

6 7T7J ’ 


(35) 


where 


r __ 2 WJM 

11 3 7? \rj 


= a., 


R u is assumed to be proportional to r it hence 


(36) 

Ru^K 

Ti r' 


On account of the independency of the coagulation probability 
of the radius of the particles, the coagulation time of the mono- 
dispersive system depends on concentration and is independent 
of the dispersion degree. 

During coagulation of a monodispersive colloid, the system 
becomes more and more polydispersive, since multiple particles 
are formed and, therefore, aggregates of a rather small difference 
in radius exist only for some time after beginning coagulation. 
Smoluchowski’s formulas can therefore only be expected to be 
valid in this initial state. 
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H. Miiller's coagulation theory (286 — 288) of polydispersive 
systems takes into account especially one fact which was sub- 
stantiated theoretically by Smoluchowski (387) and proved ex- 
perimentally by G. Wiegner (445) and A. Galecki (143), viz. 
that the coagulation probability is greater for particles of unequal 
size than for equal ones, i. e. that large micelles behave like 
nuclei of coagulation. 

H. Muller succeeded in giving the following mathematical 
formulation of the simplest possible polydispersive system, viz. 
the hi dispersive system. 

In the beginning, we find N 0 large particles and n 0 small ones 
per cc. The radius of the large particles p is assumed to be many 
times greater than the radius of the small particles, r. 

According to Smoluchowski, the coagulation probability of 
two small particles or of aggregates of small particles is 


W r = 4TrR r D r , 


(37) 


where R r is the radius of action. 

In the case of large particles and complexes which contain at 
least one large particle, the probability of aggregation is 

Wp — 4rirR p Dp = W r . (38) 

In the case of aggregations of small particles — or complexes 
containing only small particles — with large particles or complexes 
with at least one large particle, we get 


W pr = 2^R pr (D r + D p ). 


(39) 


Muller assumed that the particles must touch in order that 
coagulation occurs, and he found 

W pr = y pr W„ (40) 

with a probability factor y pr , 


Ypt = 


(1 + Vp)* 
4 


(41) 


which is greater than 1, where V. = — is the ratio of the radii 

1 r 

of large and small particles (which are retained when dealing 
with complex particles). 

In analogy to Smoluchowski, a system of an infinite number of 
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differential equations is assumed for the changes of the different 
numbers of particles. 

By introduction of 

__ k — 1 

+V = y^vi = total number of small particles and 
*T , 

CO 

)> A r — Yvj = total number of large particles 

~k 


and by interpreting the originally large particles as complexes of 
k small ones and, finally, by integration we get 




N n 


1 + 


■ A T o 


1 + 


( 0 + 1 ) 1 


t V 


Tjr, 


— 1 


(42) 


In this equation, V n = — is the ratio of the initial number of 

n o 

large and small particles, and is the coagulation time of 
large particles, i. e. 



A = 2 y — 1 = J ’ is Muller's factor, where V p = - is tlie 

2 Kp 

ratio of the radii of the large and small particles. 

From Muller’s formula, a mathematical discussion of which 
may be found in P. Tuorila’s paper (421), we conclude, 

1) The coagulation of bidispersive systems occurs more rapidly 
than the coagulation of a system with the same number of large 
particles but no small ones. 

2) If many large particles are present and only a few small 
ones, the small particles will be captured by the large ones within 
a short time and the whole system will coagulate as if it consisted 
of large particles, only, i. e. monodispersively. 

3) If many small particles are present and only a few lmge 
ones, then the system Avill also coagulate monodispersively. 

4) The difference between monodispersive and polydispersive 
coagulation can first be demonstrated when the ratio V p at least 



77 


exceeds 10. If the ratio is below 10, Smoluchowski' s formula is 
a satisfactory description of the course of coagulation. 

5) Considerable deviations from the monodispersive course are 
found when large particles are present in a moderate number 
already in the beginning of coagulation and, furthermore, when 
the lime of observation, i. e. the lapse of time until the number 
of particles of the system is determined, is relatively small. 

Even if the number of large particles is moderate, the number 
of small particles must be rather great, since otherwise the small 
particles will soon be captured by the large ones and the system 
will coagulate as if it consisted of large particles, only. 

In the case of polydispersive systems we have, furthermore, 
the following rules. 

Coagulation occurs the quicker, the greater the number of 
particles. After the lapse of a long time, the number of particles 
is independent of the number in the beginning of coagulation, 
in analogy to coagulation in a monodispersive system ; the number 
of particles of polydispersive systems becomes equal to the number 
of particles of monodispersive systems. 

H. Muller's theory was confirmed by P. Tuovila' s excellent 
experiments (G. Wiegner and P. Tuovila (449), P. Tuorila (421 
and 422)). 

In coagulation of polydispersive systems, Smoluchowski’ s ratio 

(radius of action / radius of particle) does not exceed the 

value 7 — not even in the case of extreme polydispersity (G. 
Wiegner and P. Tuorila, loc. cit.). 


§ 29. ORTHOKINETIC COAGULATION. 

During coagulation of dispersive systems, where large particles 
either are present in advance or are produced rapidly by aggrega- 
tion and begin sedimenting, the coagulation process may be 
afTecled in a characteristic way by an increase in the number of 
collisions in vertical direction. In contrast to the usual “peri- 
kinetic” coagulation which is exclusively caused by Brownian 
movements this process is termed “orlhokinetic” coagulation, 
as suggested by G. Wiegner (cf. P. Tuorila (422) ). 
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P. Tuorila treated the ortholdnetic coagulation experimentally 
and theoretically (quartz-, clay-, and gold suspensions). His 
theory is based upon the assumption of a hollow cylindrical 
coagulation space (“skin space” or “Hautraum”) for large part- 
icles. The outer radius of the coagulation space is set equal to 
the radius of the sphere of attraction, and the inner radius equal 
to the radius of the particle. The height of the cylinder is proport- 
ional to the difference between the rate of fall of large and small 
particles, as determined by Stokes' formula and, furthermore, 
to the time during which the large particle is in action. A particle 
which penetrates the surface of the coagulation space (“skin of 
coagulation” or “Koagulationshaut”) is coagulating. This simple 
work hypothesis which — by Tuorila s theory — led to useful 
results has been further improved by H. Muller (288) (cf. below, 
p. 82) who took into consideration the course of the lines of 
flow around the large particles. 

The size of the attraction space determining the ortholdnetic 
coagulation effect depends on the function 


r v 



(441 


where r p and R p denote the radii of large and small particles, 
respectively (bidispersive system). 

In the case of r p = 0 or very small, i. e. if the small particles 
are very small compared with the large ones, no orthokinetic 
coagulation occurs. 

If ~ — 1, the coagulation space is equal to zero, in other words, 
monodispersive systems do not show orthokinetic coagulation. 

Between = 0 and — 1 the mentioned function passes 
n p R p 

a maximum at 0.6, which means that the orthokinetic coagulation 
effect is greatest when the ratio between the radii is 0.6. The 
size of the coagulation space is furthermore proportional to the 
number of large particles. As regards the formulas of the average 
number of particles per cc at various levels, we must refer to 
the original papers. 

In the case of slow orthokinetic coagulation, Tuorila stated 
similar considerations. 
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In a number of special cases, it seems unnecessaxy to pay re- 
gard to the orlbokinetic coagulation, viz. 

1) In systems with many small and many large particles, the 
number of small single particles is reduced very rapidly due to 
perikinetic, polydispersive coagulation. 

2) At a very high number of large particles, the small ones 
coalesce rapidly with the large particles. 

3) If the number of small particles is moderate or high and 
the number of large particles is low, the coagulation is mono- 
dispersive as if no large particles were present. 

In certain systems with so-called “autocatalytic” coagulation 
( H . Frcundlich, 1932 (125, vol. II, 160)). the rate of coagulation 
increases slowly in the beginning and then passes a maximum. 

According to P. Tuorila (422), this variation of the coagulation 
velocity may be explained by means of orlhokinetic coagulation. 
If we assume a system where the initial number of particles is 
small, perikinetic coagulation would be almost without any in- 
fluence (M. v. Smoluchowski and Ii. Muller) compared with the 
orthokinelic coagulation. In the beginning, we assume A T 0 large 
particles and n 0 small particles with the radii R p and r p , respect- 
ivcly; the size of the “skin space” of the large particles be denoted 
as B, hence the small particles decrease by c in in the time dt, 
so that 

dn — — constant nBdt. (45) 

If the number of pai'ticles is given per cc and the “skin space” 
volume in cc, the proportionality constant becomes equal to 1, 
and thus 

dn — — nB di. (46) 

With the initial condition n — n 0 at / = 0 we get by integration 

i — ( Iidt —{ Bdl 

n— — c '0 = n 0 c *o , (47) 

since the integral \Bdt vanishes at the time zero. 

If we assume that the “skin space” is constant during coagulat- 
ion — which is only permissible in a short lime interval, since 
the large particles grow due to association with small ones — 
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the last mentioned formula may be written 


If 


n — n n e 


—n„t 


( 48 ) 


N 0 R» 


( 49 ) 


is the ratio between the masses of the large and small particles, 
B varies according to the expression 


B = constant [1 + V m —V m f(t)] (50) 

when ~ <0.4. 

We do not know the precise value of the numerical factor 
/'(/) to which the number of small particles is proportional, 
but as a first approximation we may consider 

f(0 = _ (51) 

After introduction of this value into n = n 0 e~ \ m we get 

n — n 0 e \ Sldt . (52) 

If 

= ( 53 ) 

is used as a new approximation, we obtain 

n = n 0 e~S Bw,df . («) 

If m is sufficiently great so that B m _ 1 — B m , this last mentioned 
expression leads to the correct value of n. 

The orthokinetic coagulation is much more pronounced above 
V m — 8 than for V, m somewhat above zero, and it is then of a 
markedly autocatalytic type. The number of particles decreases 
slowly in the beginning, since the few large particles can onl) 
capture a few small ones. However, the effect of the large part- 
icles increases rapidly due to their increased radius on account 
of association with small particles. Later, the coagulation effect 
decreases when the large particles are very large compared with 
the small ones. 

Coagulation curves calculated according to Tuorila’ s method 
lead to S-shaped n — t curves (cf. Tuorila (422, Fig. 7, P- 109))- 
According to H. Gessner, 1931 (151), the S-curve of the sinking 
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reaction represents a system coagulating ortkokinetically. (The 
author’s objection to this view will he discussed on p. 168). 

The hydrodynamic interchange between two spheres which 
move in a viscous medium has been investigated by M. v. Smolu- 
chowski, 1911 (384), C. IT. Osecn, 1912 (315) and 1927 (317), 
H. Faxcn, 1925 (115) and 1927 (116), and M. Stimson and G. 
B. Jeffery, 1926 (400). Any influence upon the aggregation pro- 
cess, for example the possibility for an orthokinetic coagulation 
of a monodispersive system, can hardly be ascribed to this effect. 


§ 30. STREAMING COAGULATION. 

A change of the coagulation process caused by the movements 
of micelles relative to one another due to a superposed (stationary) 
streaming is called streaming coagulation. A special case of 
streaming coagulation has been discussed above, viz. the orlho- 
kinclic coagulation which is produced under the influence of 
sedimentation. Another example is the elTect of stirring and 
centrifuging upon coagulation. 

Smolnchowski, 1917 (387), made the first attempt to give a 
theoretical treatment of streaming coagulation and he pointed 
out that the different velocities of fluid layers during laminar 
flow, for example during slight stirring, must lead to collisions of 
the suspended particles, even if their Brownian movements arc 
extremely small. 

Smolnchowski calculated the ratio /3 between the number of 
particles which arc introduced into the sphere of action of the 
coagulation nucleus by stirring, and the number of particles 
which would ditfuse into this sphere due to their Brownian 
movements. 

When considering a particle (radius r p , radius of action 7?) 
which rests in the origin of a rectangular coordinate system 
(A", Y, Z) with a laminar streaming parallel to the A"- axis along 
the Y, X-plane in such a way that we find a decrease in velocity 

^gradient with the Z-axis whereby the particles reach relative 

velocities which are proportional to the distance of the respective 
liquid layer from the Y, A'-planc, we gel 


.Torjrcn 10. Tliyffcscn. 


G 
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4 7jr 3 — 

1 du i? 2 __ V p dz 

P bn dz D k@ ’ ( 55 ) 

since R — 2 r p . 

In this equation, D is the diffusion constant of the particles 
y the coefficient of internal friction of the suspension fluid, k 
the Boltzmann constant, and 6 the absolute temperature. 

If the velocity gradient = 1, /? = 10~ 5 for submicrons with 

a radius of 24 pp, while we get for microns with a radius of 1 n 

P = 1. 

Slight stirring is thus without any influence upon the coagula- 
tion of amicrons and submicrons, while the coagulation of mi- 
crons and still larger particles is vastly increased. ft depends 
to a high extent on the radius of the particles which appears 
in the third power. 

The elegant theorist H. Muller , 1928 (288), transformed M. v. 
Smoluchowsld’s coagulation mechanics into vector analysis and 
thus attained still further generality. Some of Mullers consider- 
ations on streaming coagulation are mentioned in the following. 

The migration of the centres of gravity of coagulating particles 
through the coagulation skin has in general two causes, viz. 
Brownian movements (diffusion) and the action of external forces 
upon the particles (gravity, centrifugal force). 

If the number of particles at a given point and at a given 
time is N, Fick’s law gives the number of particles which migrate 
across the surface element da, 

= dadt, ( 56 ) 

on 

8 N 

where — is the gradient of the number of particles in the direct- 
on 

ion of the normal to the surface element. The exterior forces 
produce a movement of the particles or — what is the same — a 
flow of liquid relative to the particles. Since we assume this 
streaming to be stationary, i. e. independent of time, it may he 
described by a vector field v ( x , y, z, 0). This streaming is identical 
with Stokes’ hydrodynamic frictional flow around the nucleus 
of coagulation. 
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As a consequence of the incompressibility equation, 

div v — 0. (57) 

The number of particles carried through the surface element 
da by the flow is thus 

S N s = N v n da dt, (58) 

where v n is the vector component of the rate of flow in the direct- 
ion of the normal to the surface element. 

When these considerations are employed for the total coagulat- 
ion skin a by extending the surface integral over the total surface, 
we obtain the number of coagulated particles during the time 
interval dt 


S N — 


D ~ + Xu,) dadt. 


On the coagulation skin, N is constant equal to zero, and — 

on 

equal to the total gradient of N. Equation (59) is then reduced to 


8 A r = ^ D grad Nda dt = 2 N 0 Wdt, (60) 

since the coagulation probability, i. c. the coagulated quantity per 
second, is 

W=_L \ D grad Nda. (61) 

° 1 

In order to obtain the coagulation probability it is sufficient 
to determine grad N, i. c. the particle distribution around the 
nucleus during coagulation. 

If the same considerations hold in the case of an arbitrary 
volume, the enclosing surface of which replaces a, and Gauss' 
integration rule often denoted as the divergence theorem is 
applied to equation (59)*), we gel 

— D div grad N + div ( A T v ) , (62) 

*) Thereby a surface integral is transformed into a volume integral. 

6 * 
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or, since div v — 0, 


SN_ 

FT 


D div grad N + ( v grad N). 


(63) 


According to Smoluchowsld , the stationary particle distribution, 

only, is of significance for coagulation, and hence — = 0, and 

0 t 


D div grad N -f (v grad N) = 0. 


(64) 


For the determination of the solution of this differential equation 
we have the boundary conditions 

N(a ) " 0 on the coagulation skin a. 

— N 0 , i. e. at a great distance from the nucleus of coagula- 
tion the latter is without any influence upon the number of part- 
icles. 

We now mention only the main results of H. Muller’s brilliant 
solution. 

In the limit cases 

v — 0 we have ordinary coagulation, 

r p = 0 the radii of the small micelles are negligible compared 
with those of the nuclei of coagulation, the streaming effect 
becomes zero. 

Let us assume the nucleus of coagulation to be at rest and the 
colloid to flow with a velocity t/. The coagulation skin of the 
nucleus has a radius a = R p + r p , if R p and r p are the radii of 
the nucleus and the small micelles, respectively. 

On the coagulation skin we gel 


(grad = — 


— C cos 0 

c 


(65) 


where 0 is the azimuth to the direction of flow, D the mutual 
diffusion constant 



k& 

Got] 



( 66 ) 


of the nucleus and a small particle, and 




,i*4 
2 4 «* ^ 



m 
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The number of coagulated particles is thus greater on the 
counter-streaming side than on the reverse of the nucleus of 
coagulation. We get for the coagulation probability 


SW = 2 77 Da 2 \ grad iV (p==a) sin Odd 


( 68 ) 


W= 4 ttNqDg S — — (sinh — hyperbolic sine). (69) 


Since 4 77 N 0 Da is the coagulation probability of the attachment 
of a particle to a resting nucleus, the probability for its adherence 
to a nucleus streaming with a velocity v is increased by a factor 


F = 


sinh C 
C~ 


(70) 


where C has the above mentioned meaning. 

When also coagulating small micelles participate in the stream- 
ing, v signifies the relative velocity; if this is zero, as in a mono- 
dispersive system, C becomes zero and the factor F — 1. Hence, 
in a monodispersive system, we should not find any influence 
of streaming; in polydispcrsive systems with a great factor F, 
however, the effect of streaming is considerable. 

During sedimentation and during stirring (centrifuging), the 
rale of flow of the particles is proportional to their mass (m); in 
the case of spherical particles with a mass density s, we get 


m =••/, 77 7?pS (71) 

and the force 

K — mj, (72) 

where j = g for sedimentation, and 

j — dw 2 for centrifuging ( d = distance from the centre of 
rotation, w — velocity at this distance). 

The effect of streaming can just be proved experimentally for 
C ^ 0.8. When C = 2.1, coagulation is doubled by the streaming, 
and when C = 5, ordinary coagulation can be disregarded com- 
pared with the enormous effect of streaming. 

At a given radius of the nucleus, the influence of streaming 
reaches a maximum when the radius of the particles carried 
along is 0.8 limes that of the nucleus. The greater the nucleus of 
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coagulation, the greater the effect of streaming; however, the in 
fluence is bound to small micelles, the radius of which is 




1/ 1.2 kG 

V irjs 


(73) 


(k is the Boltzmann constant); minor particles remain in 
suspension.' 

H. Muller's theoretical results are in agreement with P. Tuorila'% 
experiments (422). 


§ 31. RAPID COAGULATION OF SYSTEMS WITH NON- 
SPHERICAL PARTICLES. (ROD- AND LEAF MICELLES). 

In his previously mentioned generalization of Smoluchowsld’s 
coagulation theory, H. Muller, 1928 (288), succeeded in giving a 
theory of the coagulation of non-spherical particles. 

Where the effect of exterior forces upon coagulation can be 
disregarded, the relative velocity of the particles becomes zero, 
so that the general differential equation of the coagulation pro- 
blem is reduced to the well-known Laplace’ s equation 

div grad N = 0 (U) 

with the boundary conditions 

N a = 0 and N „ = N 0 . ( 75 ) 

If we set 

N = 0 — N 0 ( 76 ) 

we must also get 

div grad 0 = 0. ( 77 ) 

The boundary conditions for 0 become 

0 a = —N o 0 = 0. ( 78 ) 

The determination of 0 is now analogous to the fundamental 
problem of electrostatics, viz. the determination of the potential 
distribution around a charged surface (o) of a conductor (to the 
potential — A r 0 ). On the basis of this analog)", we may immediatelj 
conclude that during coagulation the micelles mainly adhere to 
another micelle, where the geometrical curvature of the surface 
is great. 
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If C denotes the electrostatic capacity of the coagulation skin, 
and D rcI the relative diffusion coefficient of the particles, the 
coagulation probability becomes 


W = 2 7T D rd C. 


(79) 


Since the capacity of a sphere is equal to its radius, we get for 
Smoluchowski's case 

'' 7 o = i— • ( 80 ) 

3 7? 

The equivalent radius (cf. p. 51) of the nucleus of coagulation 
be R p and that of the coagulating particle be r p , the relative 
diffusion coefficient may be expressed as 


Art 


lcQ 
6 ttt; \r. 


- + R ’ 


y W 0 . 


(81) 


(82) 


so that the coagulation probability is 

]V — — — r?l C = 

3 t; 4 R p r v 

y, which is termed the form constant, corresponds to half the 
ratio attraction radius : particle radius in Smoluchowski’s theory 
1 /?' 

2 r, 

In the case of very long rod micelles which may be considered 
degenerated ellipsoids of revolution the form factor becomes equal 
to In 2 a/b, where a and b are the semi-axes of the ellipsoid. In very 
thin circular sheets, this factor lies between 1 and 1.5, i. c. the 
coagulation probability of non-spherical particles is always 
greater than that of spherical particles. 

Due to the slight deviations of the coagulation course in the 
case of leaf micelles, these will coagulate approximately accord- 
ing to Smoluchowski (in monodispersive suspensions), while 
considerable deviations must be expected in rod suspensions. 
When investigating stored sols of Benzopurpurin and vanadium 
pentoxide, the particles of which were long rods, G. Wiegncr 
and C. E. Marshall, 1929 (448), obtained values of up to 100 

of the ratio — . Due to the clumsy shape of secondary particles 

r r r 

compared with the shape of the primary particles, the ratio — 
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decreases rapidly towards the value 2 in ihe course of the ex 
periment. A further proof of the influence of the rod shape upon 
rapid coagulation was found in the measurements of freshly 
prepared sols which contained very short, almost spherical 
particles and which coagulated as was to be expected how 

Smolac how ski’s theory with --values between 2 and 2,4. 

r v 

The fact that clay sols presumably containing leaf micelles 
coagulate according to Smoluchowski’s theory is also in favour of 
Muller s theory (288). 


§ 32. THE APPLICATION OF COAGULATION MEASURE- 
MENTS TO SUSPENSIONS OF BLOOD CORPUSCLES. 

The most important principles of measuring coagulation ate 
outlined in brief in § 24 (p. 63). 

Direct methods. 

1. An analysis of intercorpuscular forces has until now not 
been applied. The author’s own investigations will be discussed 
later (pp. 106 and 169). 

2. Counting method. 

E. Ponder, 1926 (333), was the first to try the application of 
Zsigmondy-Smolachowski’ s counting method to the quantitative 
measurement of the “rouleaux formation” of blood corpuscles. 
Technique: The corpuscles were centrifuged from oxalate blood, 
and by means of a pipette the plasma was translocated into a 
glass placed in a thermostat. From the ear of the donor, a given 
small amount of blood was taken by means of a capillary pipette 
and was added to the plasma in the glass. The mixing tubes were 
moved during the experiment “as one shakes a boiling tube . 

At a well-defined moment, a drop of the mixture was placed 
on a slide and was covered with a coverglass smeared with 
vaseline at the edges in order to inhibit streaming and evaporation. 
In this thin layer of liquid the blood corpuscles sedimented 
rapidly so that the aggregation process ceased. Then, 20—30 
microphotographs, usually under a magnification of about 300 
times, were taken of every preparation. On the ready preparations 
which were studied under a microscope with low magnification 
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a counting of single-, double-, triple-, etc. particles was per- 
formed. 

Ponder found the radius of action to be the greater, the more 
rapidly “rouleaux formation” occurred. During the course of the 
single experiments, however, it seemed not necessary to assume 
any variation of the radius of action ( R ). The magnitude of the 
radius of action which could vary considerably depended on 
the corpuscle concentration, the temperature, and “such undefin- 
ed factors as the charge of the cells and the state of red cell 
surface”. 

It is a great pity that Ponder ' s paper contains neither any 
figures of R nor of the variation of R with the concentration or 
the temperature, nor any information whether Smohichowski ’ s 
theory is fulfilled in these respects. 

The “rouleaux formation” varied symbatically with the tem- 
perature so that aggregation occurred more slowly at lower 
temperature (15°C) and more rapidly at higher temperature 
(37 °C). 

J. Oliver and P. Smith, 1926 (312), investigated suspensions 
of red blood corpuscles in isotonic saccharose solutions to which 
a little sodium hydroxide was added as a stabilizer (until the 
solution was M/500). The suspension was brought to “rapid” 
coagulation by addition of aluminum trichloride (until the solution 
was M/4000). For the counting, Zsigmondy’s “Scliulzkolloid- 
methode” was employed, where the samples were taken in inter- 
vals, and a 1 per cent gelatine solution was added. Then, the 
number of particles (ZV, and v 2 ) was determined by counting 
in an ordinary haemacytomclcr or counting chamber for haema- 
tologic purposes. 

The radius of action was rather constant within the single ex- 
periments, and the calculated number of single particles was in 
good agreement with the number really found; furthermore, the 
number of double particles was calculated and compared with 
the number found experimentally. Smohichowski ' s ratio (radius 

of action : radius of particles) ^ varied enormously in different 

experiments (from 142.3 to 2513). In spite of low concentrations, 
the rale of agglutination was found to be of the same order of 
magnitude as in concentrated colloidal solutions. The peculiarities 
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of the studied system became evident when compared with a 
gold sol. 

The volume of the blood corpuscles was 50 000 times greater 
than that of the gold particles, and their Brownian movements 
were very small. Since the blood corpuscles really formed aggre- 
gations in spite of the fact that the mean distance between the 
particles was greater than in the gold sol which coagulated at 
the same rale, we must assume an unknown factor causing 
this phenomenon. 

Indirect methods. 

For a measurement of the coagulation rale of concentrated 
blood corpuscle suspensions, such as natural blood, we must 
resort to indirect physical methods, since the counting method is 
unfeasible in these cases. 

In general, coagulation is an undesired phenomenon disturb- 
ing the sedimentation analysis; variations of the sedimentation 
velocity, however, may serve as a measure of the ability to 
aggregate (simple sedimentation experiments); this is the case 
with blood sinking. The principle of this method has already 
been mentioned in the description of tlic temporal course of 
blood sinking (cf. tlic shape of the curve of the blood sinking 
reaction, p. 44). The application of the real sedimentation analys- 
is will be described below, in connection with “optical methods”. 

1. Optical methods. 

When light passes a suspension of blood corpuscles the in- 
tensity decreases due to scattering by the corpuscles and to a 
smaller extent due to absorption in the corpuscle haemoglobin 
or in the plasma. 

The theorelico-physical calculation of dispersion in suspensions 
of spherical and ellipsoidal particles which are small compared 
with the wave-length of the light is a frequently treated problem. 
(For further literature, cf. H. Freundlich, 1932 (125, II, PP- ^ 
and 31), and Ph. Frank and R. v. Mises, 1935 (121, II, PP- ^ 
and 875). However, calculations of corresponding problems with 
large particles are lacking completely. The dispersion of light 
in suspensions of relatively large particles (such as blood corpuscle 
suspensions) should be treated by means of mathematical ana- 
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logies known from the transmission of radio waves around the 
globe (Pli. Frank and R. v. Miscs (121, II, p. 963) ). 

In nephelometric measurements during blood sedimentation, A. 
Aggazotti and C. Manzini, 1929 (14), and A. Aggazotti and G. 
Ducciardi, 1930 (13), found a reduced dispersion (white light) 
during the fh'sl phase of the sinking reaction; they regarded the 
erythrocyte aggregation as the cause of this phenomenon. 

When applying a photoelectric method to the determination 
of the blood corpuscle concentration during “Schlammanalyse” 
of the blood, B. Swedin, 1936 (407) and 1938 (408), found an 
apparent decrease in concentration in the beginning of the blood 
sedimentation. Swedin assumed that both aggregation and sedi- 
mentation in the arising potydispersive suspension must he 
responsible for the reduced light dispersion. 

B. Swedin ( loc . cil.) investigated, furthermore, the absorption 
of light in corpuscle suspensions with varying content of tragacanth 
and he. was able to prove that the absorption was least in suspens- 
ions showing the highest degree of aggregation. Finally, it should 
he mentioned that S. L. Orskov , 1935 (461), observed a reduced 
dispersion in dilute monodispersive blood corpuscle suspensions 
at a slight volume increase of the corpuscles. 

2. Viscosity measurements. 

It is not reliably known how far erylhocylc aggregations 
change the viscosity of blood corpuscle suspensions. According to 
A. Einstein's viscosity formula (96, 98), a change in viscosity 
due to aggregation should not be expected. Since, however, this 
process seems to be accompanied by an inclusion in the corpuscle 
conglomerates of smaller amounts of plasma, i. e. an increase 
in volume concentration of the disperse phase, an increased 
viscosity cannot be excluded. In this connection, we may recall 
L. Berczeller and Ii. WaslI's observations (29) of the reduced 
time of passage when blood streamed repeatedly through a 
pipette, a phenomenon which may hardly be explained in any 
other way. 

Since the dispersion degree of the red cells may easily be 
changed by minimum influences, viscosity measurements are 
hardly suited for the study of the aggregation process. 
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3. Measurement of the electric conductivity of the suspension. 

Conductivity measurements often enable us to follow the 
course of coagulation of lyophobic colloids. It is assumed that 
an ion exchange which has the character of a complete double 
decomposition occurs between the suspension medium and the 
disperse phase and causes the variations in conductivity. The 
coagulated particles absorb different ions from the suspension 
fluid and give off equivalent amounts of other ions of the same 
sign. (As regards the extensive literature, references will he 
found in the manuals of colloidal chemistry, for instance in H. 
Freundlich, 1932 (125, II, p. 132) ). 

The colloidal particle with its compensating ions is often de- 
noted as “micelle”. The ions which neutralize the charge of the 
particle are called “Gegenionen” (counter ions). According to 
G. Wiegner, 1930 (447), the binding of the “counter ions” to 
the micelles appears in the so-called “suspension effect” which 
means that the suspension reacts either more acid or more 
alkaline than the corresponding medium. This phenomenon 
originally studied on suspensions of earth, only, seems to he 
generally valid for all colloidal systems. 

H. R. Christensen and S. Tovborg Jensen, 1924 (65), proved 
that the p u of earth suspensions often deviated markedly from 
the p n of the corresponding filtrates. In the case of acid earths, 
the suspensions showed more acid p R values than the filtrates, 
while the opposite was found on alkaline earths. E. Biibnann 
and S. Tovborg Jensen, 1927 (35), observed that the difference 
in reaction between suspension and filtrate increased with in- 
creasing content of earth in the suspension. 

G. Wiegner’ s pupil, H. Pallmann, 1930 (322), who performed 
comprehensive investigations of the suspension effect of a number 
of well-known colloids, mentioned still further references from 
this field. Pallmann came to the result that, up to moderate con- 
centrations, the apparent p n of the suspensions was proportional 
to the concentration. At still higher concentration, a depression 
of the effect could be noticed. On the same substance, the suspens- 
ion effect increased with the degree of dispersion. 

According to A. Unmack’s careful testing, 1933 (425), the 
above mentioned differences in reaction must originate from one 
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or numerous sources of error involved in the experimental 
procedure. 

K. A. Hcissclbalch and C. Liuidsgaard, 1912 (179), and K. A. 
Hassclbalcli, 1917 (178), found increasing acidity of the sequence 
plasma — blood — concentrated corpuscle suspension (in plasma), 
as confirmed later by I. M. dc Corral ij Garcia, 1914 (69). T: 11. 
Parsons, 1917 (324), did not succeed in proving any difference 
in reaction between blood and corresponding plasma ; also K. A. 
Hassclbalcli and E. J. Warburg, 1918 (180), were unable to 
delect any suspension effect (cf. E. J. Warburg, 1922 (432, p. 
222 ) ). 

Since conductivity measurements have not been applied earlier 
to the investigation of the aggregation rate of erythrocytes — dis- 
regarded the fact that certain conducting properties of moved, 
stirred, or streaming blood seem to be connected with the aggrega- 
tion velocity — such measurements were carried out by the 
author (cf. p. 171). For this reason, the scarce literature from 
this field will be discussed here. 

The effect of stirring of the blood upon the. result of conductiv- 
ity measurements on blood was first observed by M. Okcr-Blom, 
1900 (309), who made use of S. Arrhenius’ model of conductivity 
cells in which the electrodes were placed horizontally one 
above the other. Okcr-Blom staled that the conductivity increased 
when the blood column was too low. When the blood just reached 
the upper electrode, a layer poor in corpuscles was formed 
directly below the electrode — obviously due to sedimentation. 
Moreover, some of the blood corpuscles present between the elec- 
trodes in the beginning of the experiment sank below the lower 
electrode, so that the concentration of blood corpuscles in the 
measured column decreased. 

P. Fracnkcl, 1904 (120), recommended careful stirring for the 
measurement of the electric conductivity of the blood. At lacking 
or insufficient stirring, the tune minimum was not always shifted 
in the same direction due to the sedimentation of erythrocytes, 
so that the conductivity was measured sometimes higher, some- 
times lower Ilian the “true” one. The initial stale was reached 
very soon after stirring but, in blood with rapid sinking, such 
as horse blood, it could not be preserved even for a rather short 
time. 
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this effect which he considered produced by colloid absorption 
by means of a special conductivity cell in which the electrodes 
were surrounded by 0.85 per cent sodium chloride solution and 
separated from the blood by cellophane membranes. When 
using these improved cells, the first phenomenon was never- 
theless observed as soon as stirring was interrupted. 

E. Sigman, A. Kolin, L. N. Katz and K. Jocliim, 1937 (378), 
studied the conductivity of streaming blood (a. c. 1000 cycles 
per sec.). Dcfibrinaled ox blood streamed from a container, 
where it was stirred now and then, through a long glass tube 
provided with platinum electrodes at both ends. These authors 
found two opposite effects, a tendency to increasing resistance 
dominating at slow streaming (“electrode effect”) which was 
gradually overshadowed by a fall of resistance with increasing 
velocity of streaming (“flow effect”). The first mentioned was de- 
noted as “electrode effect” because it disappeared when the 
electrodes were placed into standing blood or into salt solution 
in side arms of the streaming tube; the “flow effect”, however, 
was uninfluenced by these manipulations. 

The decrease in resistance was not quite proportional to the 
rate of flow but approached a limit value at rapid streaming. 
The “flow effect” was increased with increasing concentration 
of blood corpuscles, however, not linearly. Furthermore, a change 
in the ion concentration of the suspension medium was of some 
influence upon the “flow effect” which disappeared with haemo- 
lysis. It was rcmarlcablc that the “flow effect” at a given high 
rale of flow was less in samples with a great “electrode effect” 
than in samples with a small “electrode effect”. The investigators 
were unable to give any explanation of this “electrode effect”. 

On the assumption that the “flow effect” is due to a “declump- 
ing action”, the mentioned authors studied blood samples to 
which serum of different species was added and they found a 
smaller “flow effect” in these samples Ilian in control samples 
without specific agglutination. The reduced “flow effect” was 
explained by the greater stability of agglutination conglomerates 
compared with that of rouleaux formation. By measurements of 
the conductivity across the blood stream, it could be excluded 
that the “flow effect” originated from an orientation of the corpus- 
cles due to streaming, i. c. with a long axis parallel to the direction 
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of flow. Due lo Ihc great bore of the lube, the streaming was 
turbulent ancl an orientation was impossible. 

Finally, conductivity phenomena in streaming blood were 
observed by G. Achard, 1938 (11, 12). While bearing in mind 
the disagreement between determinations of the blood corpuscle 
volume by centrifuging and by measurements of the electric 
conductivity, A. Slaivinslci and coworkers (A. Slawinski and J. 
Pakowski, 1930 (380), F. Labcndzinski and A. Slawinski, 1931 
(239) ) developed a new method in which the conductivity of 
the corpuscle sediment was measured instead of the instable 
conductivity of the fully dispersed suspension. These investigators 
found that erythrocyte aggregation increased the resistance of the 
sediment. According to A. Slawinski, the instability of the con- 
ductivity of corpuscle suspensions is caused by orientation and 
precipitation of the erythrocytes. 

4, Measurement of the aggregation by means of specific gravity 
estimations of the suspension or direct weighing of the sediment. 

These methods which are frequently applied in “Schlammnna- 
lysc” (S. Oden, 1915 (302) and 1920 (304), H. Gessner, 1926 
(150) and 1931 (151) ) are unsuited in the case of blood corpuscle 
suspensions ( K . Stocklin, 192G (404) ) due to the minute difference 
in specific gravity between particles and suspension fluid. 



Section III. 

THE AUTHOR’S THEORETICAL 
INVESTIGATIONS. 

§ 33. THE APPLICATION OF SMOLUCHOWSKI’S 
COAGULATION THEORY TO THE PROBLEM OF 
I NTERCOR PUSCULAR ATTRACTION*). 

(/In extension of Smoluchowski’ s theory, interpretation of the 

“ action radius'"). 

Between the particles of a colloidal system, various forces are 
active which determine the degree of dispersion of the colloid. 
Our lack of knowledge concerning these forces inhibited the 
development of a useful coagulation theory until M. v. Smoluchow- 
ski, 1917 (387), made an attempt to ascribe to the colloidal 
particles a given attraction space measured b)' the so-called 
action radius (cf. § 27, p. 67). In this way, Smoluchowski success- 
fully avoided the problem of an internal mechanism of attraction 
forces, since now not the magnitude and distribution of these 
forces hut only the sphere of their action was the decisive factor. 
According to Smoluclwwski, the solution of this special problem 
is reserved for coming theories concerning the structure of the 
electric double layer. 

Smoluchowski's simplified interpretation of the intercorpuscular 
forces — the assumption of an action radius corresponding to a 
constant force within the range of the sphere of action, a sphere 
with the radius /?, and the complete lack of forces outside this 
sphere — is loo idealized as to represent completely the true 
situation. The forces between the colloidal particles must vary 
continuously with the distance and they cannot be assumed 
to be exclusively repulsive or exclusively attractive; there is also 

*) The results of the investigations discussed in this paragraph were pub- 
lished previously (J. E. Thygcsen, 1939 (415)). 


.Tnrgen K. Thygcsen. 
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a possibility that attraction exists at one distance and repulsion 
at another distance. 

In order to analyze the attraction radius more thoroughly, the 
author has made an attempt to generalize Smoluchowski’s theory 
so that the theory comprises arbitrary intercorpuscular forces of 
attraction. It was, furthermore, investigated whether by means 
of such a genera] theory these forces can be determined physic- 
ally on the basis of coagulation-kinetic experiments. While 
Smoluchowski assumed that the Brownian movements of the 
particles, only, determine the frequency of collisions (condition 
4), p. 68), the forces assumed in our new theory imply an 
additional convection. 

Since a diffusion process is merely a superposition of Brownian 
movements of individual particles, these movements may be 
calculated by solving a corresponding diffusion problem. We 
deduce the differential equation of the present case. Dealing with 
an external force, the density of current i consists of two compon- 
ents, one of which, io, is due to diffusion 

= — DgradW, 0) 

while the other, 4, is due to convection 

4 = Wfif, (2) 

ft being the hydrodynamic mobility of the particles (reciprocal 
resistance), D their diffusion coefficient, £ the vector of the 
external force, and W a partition function which, in the macro- 
scopic case, is equal to the concentration. 

For the total density of current, we get 

f== b + 4 = — D grad W + Wftf. (3) 

Since the divergence of the vector for the density of current is 
equal to the decrease in density of particles with time 


div i — 


8W 
St ' 


(4) 


we find (expressed in 
equation §w 

TF 


the form of vector analysis) the differential 
= DA W — ft div [W-f]; ( 5 ) 


the partition function W must satisfy this equation (5). 
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Smoluchowski’s suppositions (except for 3) and 4), p. 68) 
may remain valid. 

Instead of 3) we assume 

8) that contact between particles is necessary for aggregation, 
i. e. the distance between the centres must be equal to the dia- 
meter of the particles. 

For the sake of simplicity, we furthermore assume 

9) a non-orientated coagulation, i. e. aggregation due to col- 
lision of particles, independent of the position of the particles 
inter sc. The force_/ will then only be a function of r (the distance 
from the centre of the condensation nucleus) 

JWO)> (6) 

so that the concentration IV in the sphero-symmetrical system 
depends exclusively on r 

IV = IV (r). (7) 

Expressing the force vector^ in the usual way by means of 
r 

a unit vector — ( r radius vector), we get 
r ~ 

where f (r) is a positive value, when 

10) the force is supposed to cause attraction. 

Smoluchowski's analysis has shown that the stationary distribut- 
ion of particles only determines the amount coagulated within 
a given time (supposition 6), p. 68). Hence, we look merely 
for a stationary solution of the above differential equation*) which 
is thus reduced to 

4a) DAW — pdiv[W-f} = 0 (9) 

which replaces the condition 

4) DAW = 0 (10) 

in Smoluchowski’s theory. 

According to well-known theorems from vector analysis, we 
get 

*) Addendum: Cf. also N. Fuchs, Z. Physik 89, 736, 1934. 

7 * 
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div [ W • f] 


a™ m 


- di " - ( grad ^r- 1) = - 3 - - ■ 4 (4 

By substitution of the expression obtained for 

d 2 W , 2dW 

div [W-f] and A W — —nr H 

• - dr 2 r dr 


into the differential equation, we get 


d 2 W ,2 dW 
dr 2 1 r dr 


)«(*? 


wf_ + r A(Wf 

r ' dr\ r 


Since this may be written as 


s|4+H =o ' 

the integration with c x as an arbitrary constant leads to 


0. (13) 


*E+wl 

dr ' D 




By further integration with c 2 as a new arbitrary constant 
we get 


W= e ' r ° 


+£W>* 

A p •% 


dr — Co 


For the determination of the constants c x and c 2 the initial 
conditions are 

W = 0 for r — r 0 (contact), and 

W — c (the constant initial concentration) for r — v cc. c 2 = 0 
satisfies the first condition. Setting 


A (oo) — f(r) dr 


which is constant, we get 
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— A (oo) 


Vu 


(18) 


By substitution of the constants c x and c 2 , we then obtain 


+ -1 (r) 


__ ce — MM — '*(»)] Vn 


r- 


dr 


(19) 


■ A (r) 


dr 


'To 


( \V=c satisfied for r = oo), where 

A(0 


I («'>*• 

•v. 


( 20 ) 


For r 0 = R (action radius) and f(r) — 0 for r > R and large t 
(stationary stale), the formula found for W becomes Smolu- 
chowski's formula, since A (r) = 0 for all r 5 ; r 0 . 


1_ 

r- 


dr 


IF — c = 


r~ 


dr 


{-7 


( 21 ) 


n 


For the determination of the in-diffusing amount of substance 
we calculate 


dW 

dr 


ce 


+ A (CV>) 


-A(r) 


dr 


dr 


— -I<r) 


,+ A <r) 


r- 


dr 


ce 


y r. 
-^i(oa) 


,+ A(r) 


r- 


■dr 


1_1 

r 2 D 


f*r 


f(r) c~ J 


Ur) 


+ A (r) 


r- 


dr 


( 22 ) 
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the first factor being a constant. For r = r 0 we get 


dW 

dr 


A (oo) 


:r—n 


AM 


(23) 


r- 


■dr 




The amount diffusing across the sphere of contact (radius r 0 ) 
per second will thus be 


, . n dW 


„a(oo) 


: 47 T DC- 


Vi) 


r—Tt 


AM 


dr 


and Smoluchowsld’s action radius is 




A (°°> 


R 


(25) 


AM 


■dr 


>n 


By integration by parts, the integral in the denominator may be 
transformed into 


AM 


dr 


■ — e A (r) 
r 


oo rkco 


+ \ ~ c 


1 A (r) P 


D 


f ( r ) * 




U vr o 

00 


1 + r o 


~ e A, '>lf(r).dr 


Assuming small forces and evolving after f(r), we gbt 


AW 


1 -f- A (oo) -j- • • • and e A(r) = 1 -f A(r) -f- 


whereafter 


R = r< 


1 + A (oo) -f 


(26) 

(27) 

(28) 




P . \ «') 


(1 H ) * 


so that, when employing the well-known formula 

1 


1 -f- x 


1 — x -j- 


(29) 
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we obtain 




l r \ [0 

D r ° \ r 

dr. 


By the usual discarding of the product term 


(30) 




£ . V AO 

D 


we finally get 


vr. 


’r , 


(31) 


R — r n 


i + ^\rtO r r 


■ dr 


= r 0 (1 + constant) = constant. 

(32) 


For f(r ) = 0 and r 0 = 2 (r p radius of the particle) Smola- 

chowski’s ratio — = 2. 

r v 

If distance forces are active, i. c. f(r) > 0, we obtain a constant 
action radius greater than 2 r p . 

Since the action radius is constant, all Smoluchowski's formulas 
for the calculation of the number of particles remain valid. 
This may explain why Smoluchowski's theory satisfactorily de- 
scribes the coagulation of hydrophobic colloids, although the 
rough assumption of a simple attraction sphere undoubtedly 
fails to give a correct description of the forces between the particles. 

According to the formula found for R, the action radius must 
be a function of the absolute temperature 6. Only if intercorpus- 
cular forces arc independent of the temperature, it becomes 
possible to calculate f(r) from R, which even enters implicitely 
the equation in form of an integral. 

By transcription of the formula for R we get 


since 


„A(co) 


i? = 




(33) 


A(r) — A(oo) = -j£ j jj f(r) dr — jj f(r) dr J 



M 

IcO 


.(34) 
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M is an abbreviated notation for the integral with the- limits 

O r 

and oo. The value for ~ is derived from 

H 9 1 

D “ Tv W (»> 

H stands for the gas constant, 6 for the absolute temperature. 
N is Avogadro- L oschm idt ' s figure, g the coefficient of internal 
friction, r p the particle radius, and k Boltzmann ’ s entropy con- 
stant. 

The integral M is zero when r is greater than the range of the 
forces. The quantity ~ being positive, we get by expansion of 

lCu 

the e power in a Maclaurin scries and by integration term by term 



where A n signifies the constant coefficients of the new series. 
By measuring R as a function of the temperature, the A’s may 
be determined and, thus, some information about R may be 
obtained. 

If the force function /(r) is known, the action radius may 
be calculated. If the attraction takes place according to the 
function 

= ( 37 ) 

the corresponding action radius may be calculated from 




To 


*) Where the dimension j s given to the proportionality constant, 

ce a force must have the dimension — ^—r— 1 . 

sec® j 
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as we introduce r — — as a new variable, i. e. 

r 


R = 


_JLl\ kO 
kd i 1 — e k0 r « 


( 40 ) 


since — is always large. 

kd r g 

In this simple case (“square law”), R and 6 will be inversely 

proportional, i. e., the reciprocal coagulation time is proportional 

1 1 

to the fluidit 3 r of the suspension medium — , since 

V 


1 


= 4 7T DR i'n and D = kd 


1 


0>Trqr p 


( 41 ) 


In Smoluchowski’s case — no distance forces — I? is constant, 
and is proportional to 0 • — . In both cases, ~ inci’eases with 

1 7 ] 1 

temperature, however, it increases more rapidly in Smohxchow- 
ski’s case. 

If the force itself depends upon temperature, /"(r) cannot be 
calculated from R(0); f(r) at a definite temperature as well 
as the variation of f(r ) with temperature may thus be determined 
by the following direct method. 

The constant action radius ( Srnolucliowski’s ratio — = 2^ in 

\ r v J 

systems with short-range inlercorpuscular forces need not necess- 
arily express the independency of these forces of the temperature, 
as considerable changes in strength do not alter the rale of coagula- 
tion, if only the forces are so great that each collision of particles 
results in aggregation (“rapid” coagulation). 


§ 34. METHOD OF DIRECT DETERMINATION OF INTER- 
CORPUSCULAR FORCES. 

In spite of the fact that blood corpuscles due to their enormous 
size compared with that of the particles of ordinary hydrophobic 
colloids show only slight Brownian movements, the author was 
able to observe “rouleaux formation” in fresh corpuscle-plasma 
suspensions under the microscope after the lapse of a relatively 
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short time and even in rather dilute suspensions (cf. below 
p. 163). 

While very short-range forces cause coagulation of most (hy- 
drophobic) colloidal solutions, the direct effect of long-range 
intercorpuscular forces may be observed which contribute to 
“rouleaux formation” of the blood corpuscles (cf. p. 164). 

With the hope of being able to study the mechanism of erythro- 
cyte aggregation by means of a determination of these forces 
(cf. an ideal measurement of coagulation mentioned on p. 63), 
the author has developed a theory of direct measurement of 
forces based upon Idnematographic records of the particle 
movements. 

Together with the general coagulation theory (cf. p. 72), 


Smoluchowski ’ s ratio 


R 


between action radius and particle 


radius which represents a coarse approximation of coagulation 
forces was discussed in detail. 

R 

Since — >2 may appear in two essentially different ways, 
t p 

it seems useful to classify the (hydrophobic) colloidal systems 
in two groups, viz. 


I. Systems with short-range intercorpuscular forces: 


~ 2 and 

— > 2 due to size (a) and form (b) of the particles; 
r v 

(a) polydispersive suspensions of spheres showing a 
Wiegner-Galecki effect, 

(b) monodispersive systems, the particles of which deviate 
from the spherical shape (rod- or leaf micelles). 


II. Systems with far-range intercorpuscular forces: 

R 

all other cases with — 2. 

r p 

Very short-range forces — considered under I — which are 
only effective when the particles touch each other will not cause 
accelerated coagulation, not even at enormously increased forces. 
Long-range intermicellar forces, however, may accelerate coagula- 
tion, since their increase must cause a particle convection which 
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must be superposed the diffusion towards the nuclei of coagula- 
tion. This phenomenon is especially marked in suspensions of 
large particles (dispersoids), the diffusion coefficient of which 
is so low that the diffusion alone is not able to cause coagula- 
tion within a multiple of the actual coagulation time. 

According to the author’s opinion, not only different suspensions 
of erythrocytes, but also numerous other suspensions of cells 
(agglutinations of yeast cells, protozoes, and bacteria) may serve 
as examples for such systems. 

When short-range coagulation forces are concerned (group I), 
the measurement of the adhesion of colloidal particles to the wall 
of the same material seems to provide ns with some information. 
Among others, A. v. Bazagh, 1929/30 (57, 58, 59, 60), studied 
the adhesion of quartz particles to quartz walls by means of a 
“Haftzahl”- and an “Abreiss- 
winkel’ ’-method. 

The author’s direct measure- 
ments of forces, the principle of 
which will be described below, 
comprehends only group II. 

We consider two equally large 
spherical particles, 1 and 2 
( cf . Fig. 2), whose size and di- 
rection of the central line are 
determined by the vector r. 

If_r is expressed by the radius 
vectors a^and x 2 of the particles 
1 and 2, we have 

determined by the radius vec- 
r — x 2 — X 1 (42) tors a* and x 2 . 

Particle 1 is subject to the following forces: 

a 1) the completely irregular influence of force X lt manifest in the 
Brownian movements of the particle. 

b 1) the intercorpuscular attraction 

fi = /w (■=■)• («) 

where is the unit vector, and f (r) the function of force in- 
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dicating the dependence of the foi'ce upon the position relal 
ive to the other particle. 


c 1) a force of friction 



( 44 ) 


the magnitude of which is directly proportional to the velocity 
of the particle, and the direction of which is opposite to the 
direction of the movement of the particle; y means the hydro- 
dynamic resistance coefficient (or reciprocal mobility) Avhich is 
the same for both particles. 

Particle 2 is submitted to similar forces, viz. 


a 2) A r 2 which produces the Brownian movements. 

b 2) f 2 , the intercorpuscular attraction which, according to 
the law of action and reaction, is equal to j\ in the opposite 
direction, i. e. 

k = -m (■=•)• w 


c 2) 


the force of friction 


— 7 


~dt’ 


(46) 


Employing the definition of force, viz. mass multiplied by 
acceleration, generally denoted as Newton’s second law*), we 
have for particle 1 


m 


d 2 x x 

Iw 


UvUl 

— y 4- fi> 


(47) 


and for particle 2 


d 2 x\ 


m 


dt 2 


dx o 


(48) 


By subtraction, we get the equation for the relative movement 
of the particles. 


m 


d 2 r 

dP 




(49) 


*) Correct only for constant mass. 
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From a large number of observed pairs of particles (studied 
in so dilute a suspension that we can pick out pairs of particles 
lying sufficiently far from the other particles that the attraction 
of the latter may be left out of consideration) we select all those 
which have a distance of r, and then forming the mean values 
of acceleration and velocity, we obtain 


m 





(50) 


A' 2 — A\ = 0, since the relative movement, produced by the 
Brownian movements of the particles, is a new Brownian move- 
ment, i. c., completely irregular. 

By solving the equation with reference to f(r), now disregarding 
the direction of the central line, we gel 


f(r) = - 


y dr 
2 dt 


in d 2 r 

Ydt* 


( 51 ). 


Through direct observation by means of kinemalographic 
records, the change in r, A r during a given small time unit 
At, is measured. The equation for f(r ) is then 


f(r) = - 


y A r 
2 Al 


m A ( A r) 

2 ~J1*~ 


(52) 


(A (J r) means the change in the change of r). 

We can now disregard the acceleration term on account of 
its negligible magnitude. If no forces al all are acting between 
the particles, 



A t 


= 0 . 


(53) 


l r 


If forces are active between the particles, we gel the value of 
/’(r) for the central distance r; when following the phenomenon 
with time, we obtain a complete picture of f(r ). 

With the method here employed — averaging the displacements 
of numerous pairs of particles — we have eliminated the Brownian 
movements. 
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Finally, by calculation of 

$ /O) dr (54) 

and by the application of previous formulas, we are able to de- 
termine the action radius and to compare the calculated value 
with values obtained by ordinary coagulation-kinetic experiments. 


§ 35. THE TRANSLATIONAL BROWNIAN MOVEMENTS 
OF ELLIPSOIDAL PARTICLES. 

In the following, a formula for the Brownian movement of an 
ellipsoid of revolution is derived by simple calculations which 
agree with the corresponding formulas by. R. Gans, 1928/29 
(145, 146, 147), and F. Perrin, 1934/36 (328, 329), in their 
brilliant but rather complicated deductions. 

We look for an expression of the mean squares of the project- 
ion of the displacements on a given direction, in analogy to the 
usually applied method of measuring the Brownian movements 
of spherical particles. 

The centre of the ellipsoid be the origin of- two rectangular co- 
ordinate systems, 

I. the mobile system whose axes X', Y\ Z' overlap with the 
directions of the principal axes of the ellipsoid, and 

II. the fixed system X, Y, Z . 

The unit vectors of the non-labelled and the labelled systems be 
termed i, j, k, and V, j\ k\ respectively, and the 9 cosines of 
direction of the coordinate axes relative to one another will be 
determined by the products of two and two of these vectors. 
In order to obtain the transformation formulas of the coordinates 
in the two mentioned systems (M. Lagally, 1934 (241) ), we 
write the radius vector r in the double form 

r — x i -f- yj -j- zk = x' i' -j- y'j' -f- z'7r\ (55) 

By scalar multiplication of these equations one after the 
other by i, j, k, and z', j', 7c', respectively, we obtain the formulas 
of the coordinates x, y, z, and x’, y\ z’, respectively. We need 
the first mentioned coordinates, only, which thus become 



Ill 


* = ({0 = (jO®' + 07) y' + (£*')*' 

— cos (x, a:') a;' -f- cos C x > U') + cos ( x > z ') z> 

ij = (£./) - go * r + g/> y' + an z ' (56) 

= cos (y, a;') *'-+ cos (y, y') y' + cos (y, z')z' 
z = (rk) = (kV)x' -f (O') y' + (£&')z' 

= cos ( z , x') x' 4- cos (z, y') y' -j- cos ( z > O z ' • 


If we denote a displacement (due to Brownian movements) 
in the direction of the X'-axis as A x, in the X’-axis as A x', and 
so on, we get 

Ax — cos (x, x ') A x’ -(-cos (a;, y') A y' -f- cos (x, z’)Az' (57) 

and analogous expressions for A y and A z. 

We calculate then for a fixed position x\ y\ z’ of the ellipsoid 
the mean squares of the displacements, hence 


A x s 


= cos 2 (a;, x')A a:' 2 


x',y’,z' fixed 


+ COS 2 (a:, y')Ay' 2 


X', V', z' 


V', z' 


-f- cos 2 (x, z') Az ' 2 -f* 2 cos (a:, a:') cos (x, y') Ax' Ay' 

v\ z' 

+ 

and analogous 


Ay 2 


and A z 2 


x', if, s’ fixed 


x', y', s’ 

(58) 


(59) 


x',y',z' fixed 


By a generalization of Einstein's well-known formula (for the 
displacement of a sphere along the X-axis) 


A x 2 = 


R 0 
N 




(60) 


(f — 6 vr) r is the resistance coefficient of the translation of the 
sphere), we get for the displacement in the direction of the prin- 
cipal axes of the ellipsoid 


- - — Lr (h) 

Ax' 2 = 2 ^- At = 2D x At, ( 61 ) 

Ji 

where f x is the resistance coefficient for the movement in the 
direction of the X-axis, and D x is the corresponding diffusion 
coefficient. 
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Analogous expressions are valid for 


Ay' 2 and Az' 2 , 


(62) 


when A t is chosen in such a way that the rotation of the ellipsoid 
is small. 

In the classical way, the mean of the products is equal zero, 

Ax' Ay' = 0 etc. (63) 

By substitution of the expressions found in the above equation, 
we get 


Ax 2 


*x\v\z' fixed 

and analogous 


COS 2 (a:, x') cos 2 (a:, y’) cos 2 (x, z')| „ , 
2 AO| - + 


(64) 


Ay 2 


and A z 2 


x', y’, z’ fixed 


(65) 


x', y’, z’ fixed 


If we now assume f» — f x (ellipsoid of revolution), we obtain 


A x 2 


sc.', if , z' fixed 


2k 6 A t j x ') + cos 2 (a:, y ')] + cos (6fi) 

l fx fs 


We now find the mean value of this magnitude over all possible 
positions of the system of principal axes X ’, Y’, Z’, on the sim- 
plified assumptions that the time of observation At is suitably 
small, so that the rotations within this space of time are very 
small. 

cos (x, x’), cos (a;, y’), cos (x, z ’) are the direction cosines 
of the unit vector i_ relative to the labelled system, hence cos 
(x, x’), cos (x, y’) are components of the projection of i on the 
X', Y’-plane. In other words. 


cos 2 (x, x’) + cos 2 (x, y’) — cos 2 x 0^) 

is the square of the length of the projection of i on the X , 1 
plane, or the square of the cosine to the angle between the A , 
Y’-plane and the X-axis. This magnitude (cos 2 x) is unchanged 
when the labelled mobile system is turned around a fixed Z - 
axis in a given direction. In the same way, cos (x, z") is constant 
at such a rotation. 
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Since all positions to which the X-axis might adjust itself 
during rotation are equally probable, we gel as the mean value 
from all positions which correspond to a given direction of the 
symmetry axis, i. c. the Z’-axis, 


ire* 


2 kQA t 


z' fixed 


f COS 2 X , cos 2 (x, z ( ) | 


( 68 ) 


where x is the angle between the X-axis and a plane vertical to 
the Z’-axis. Since we only have to reckon with cos 2 x, it is the 
same whether x is d ie obtuse or the acute angle. 

If we introduce — in order to characterize the Z’-axis, i. e. 
the direction of the symmetry axis — a polar coordinate system 
(6, <f>) with the X-axis as polar axis, 8 = the angle (x, z’), 
and $ — the angle between the F-axis and the projection of the 
Z’-axis on the F, Z-plane, we may write 


X = 0 — I or X = 0 4- l *• c - 
cos 2 x = sin 2 8 and cos 2 (re, z') — cos 2 0. 


(69) 


Since the probability for the different directions of the Z’-axis 
is the same in all directions, so that the probability to find the 
direction within the solid angle element d Q = sin 8 dd d<f> is 
proportional to dQ, the required mean value over all ellipsoids 
is given by 


Ax- = 2 kQA l 


r,S cos! 


xdQ —\cos 2 8dQ 
, 4 7 r 


i 

4 7 ! 


fl ‘ h 

(cos 2 xd^ — \ sin- 8 sin 8 ddid(j) — ^-| — 1(1 — rc 2 ) dx 

• 77 *'o *0 ' * 1 


1 

4 TT 


hence 


\ cos 2 8 sin 6 dd\d<f> — — - ~ ( rc 2 dx 

<o • o - «i 


1 

3 5 


L 2 , 

) 3 

(70) 


A x 2 — 2 A- 0 


HI- 


2 -j- J) 5 


At 


2 D m A t, 


The mean diffusion coefficient D m of an ellipsoid of revolution 
is the arithmetic mean of the coefficients for the diffusion in the 


Jorgen E. Thygescn. 


S 
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direction of the principal axes; the same consideration applies 
to the mean resistance coefficient. 

If A ~ fi — A or 7)i = Dn — D 3 , the formula found bccoines 
identical with Einstein's formula. 

The calculation of the mean squares of the displacements, 
taking into account the rotation of the ellipsoid, was carried out 
by F. Perrin, 1930 (329). However, his final result is wrong due 
to a number of errors in the calculation. 

Finally, some numerical calculations concerning a given 
ellipsoid by means of the formulas described in § 22, p. 54, 
should be mentioned. 

In the case of an oblate ellipsoid of revolution with the semi- 
axes a — 1.2 * 1 0 4 cm and b = c = 4 • 10 — 4 cm 
which is freely movable in a medium with the internal friction 
ij = 0.019 Poise and the absolute temperature 0 = 293° Kelvin 
( Boltzmann's constant J: — 1.371 crg/"C), we gel a mobility 


£ 

fa 


7.99- 10 3 , 


1_ J 

ft. " Tc 


9.90 • 10 3 and 


~ = 1~ (Z -}- — \ = 9.20 • 10 3 gram” 1 cm -1 sec 3 , 
\fa lb I 

and hence the diffusion coefficients 

D n = 3.21 • 10- 10 , !),, = D r = 3.9S • 10~ JO , 

l) m — 3.72 • 10— 10 cm 3 sec -1 . 

The rotation mobilities become 


_1_ 

K 

By means of 


we gel 


5.53 • 10 10 , 


1 


lh 


8.65 • 10 10 . 


£ 

F 


1 cquiv 


G 7TJJ 

= 3. 16 • 10” 4 cm. 


For the mean translation in the direction of the X-axis after 
30 sec. it was found 


X a = 1.39 • 10— 4 cm. 


X, 


b.c 


1.55 • 10— 4 cm. 
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and for a sphere with a radius which is equal to the found equi- 
valent radius of the ellipsoid 

X. . = 1.49 • 10 — ‘ 1 cm. 

requiv 

The mean rotation displacements around the a- and 6(c)-axes 
after 30 sec is 

Ar a = 21° Ar b = 26°. 

§ 36. THEORETICAL INVESTIGATIONS CONCERNING THE 
CONDUCTIVITY PHENOMENON. 

With respect to a later application of conductometry to the 
experimental investigation of erythrocyte aggregations and, furth- 
ermore, in consideration of the significance of some conductivity 
phenomena (cf. p. 93) for the electric conductivity of the blood 
in general, an attempt will be made to answer the following 
questions. 

I. How does a suspension conduct the electx-ic current? 

II. Which possibilities exist for the appearance of a time- 
dependent change of the conductivity? 

The conductivity of a suspension is due 

A. partly to the direct conduction through the suspension 
medium and the particles, depending 

1) on the specific conductivities of the suspension medium 
and the particles, 

2) on the volume concentration of the particles and, 
furthermore, for suspensions of non-splierical particles, 

3) on shape and orientation of the particles; 

B. partly to the cataplioretic conduction caused by the particles. 

Direct electric conduction. (Ad A.). 

Ad A 1). 

Can electrolyte shifts between the suspension medium and the 
corpuscles, accompanying aggregation, produce the conductivity 
phenomenon ? 

An alteration of the specific conductivity of the dispersion 
medium may be caused by a changed electrolyte content, either 

8 * 



116 


due lo adsorption of electrolyte to the aggregating particles or 
due to a change in electrolyte distribution between the suspension 
medium and the internal phase of the corpuscles, or due to both 
these phenomena. 

In the case of blood corpuscles, a variation of the specific 
conductivity of the particles may he caused by changes of the 
surface permeability, but hardly by a small change of the elec- 
trolyte content; considering an electrolyte shift, it seems there- 
fore reasonable to assume only a change in the specific conductiv- 
ity of the dispersion medium, while that in the blood corpuscles 
is regarded as constant. 

H. Frickc, 1924 (131), found a formula for the direct conduct- 
ivity of a suspension of homogeneous spheroids, viz. 



where k is the specific conductivity of the suspension, k y that 
of the suspension medium, and k z that of the particles. ft depends 
in a very complicated way upon the lengths of the axes of the 


j. 

. spheroids (a and b ) and on the ratio p is the volume concen- 

"i 

tration of the particles, i. c. that fraction of a volume unit of tlic 
suspension which is occupied by the disperse phase. 

If ^ k„ = 0*) f we get p — — 1.91 so that the formula in 

this case becomes 


h 

lc 


1.91 



(72) 


At a constant volume concentration, a decrease in k\, c. g- 
by reduction of the electrolyte content, involves a decrease in k. 
A lowering of the electrolyte content of the plasma (or the serum), 
however, will produce a still further reduction of k, since the 
increasing volume concentration of the erythrocytes due to a lower 
osmotic pressure in the outer phase also causes a decrease in k. 

Numerous authors have studied the influence of the volume 
concentration p on the conductivity of corpuscle suspensions with 

*) Conventionally, the blood corpuscles are considered lo be insulators since 
their conductivity makes out less than 1 per cent of that of the plasma. S. C. Brook s 
deviating view-point, 1925 (48), was disproved by G. IV. Stewart, 1929 (398). 
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the aim to determine the erythrocyte volume. (W. Roth, 1897/98 
(357), S. Bugarszky and F. Tangl, 1897/98 (50), G. N. Stewart, 
1899 (397) arid 1929 (398), P. Fraenkel, 1904 (120), R. Ege, 
1920 (90), and H. C. Gram, 1924 (158) ). Moreover, the change 
in the erythrocyte volume at different osmotic pressures of the 
substances in the 'suspension medium was elucidated (R. Ege, 
1919 (89), and E. Schiodt, 1931 (368) ). According to R. Ege, 
the change in volume follows Boyle- Mariotte' s law 

Po(V 0 -x)=P 1 (Vi-x'), ■ (73) 

where F 0 and V x are the volumina of the blood corpuscles in 
two different media with the osmotic pressure P 0 and P x ; a: is 
the magnitude of the disperse phase of the corpuscles (within 
the corpuscles) which is supposed not to participate in the swell- 
ing up or crumbling of the erythrocytes, x is generally put equal 
to 50 per cent; cf. E. Schiodt's calculations, 1931 (368), which 
are based upon I. Christensen and E. J. Warburg's measure- 
ments of the depression of the freezing point (66). 

Finally, we have the complicated electrolyte equilibria ( Donnan 
equilibrium) between suspension fluid and erythrocytes. A change 
in the electric conductivity of a corpuscle suspension due to 
a change in the electrolyte content of the suspension medium 
may therefore primarily be determined by direct measurements. 

By the usual analytical methods, a determination of minute 
electrolyte shifts is very difficult to perform; indirect methods, 
however, such as conductivity- and possibly also potentiome- 
tric measurements ( e . g. p H measurements of the blood and the 
plasma belonging to it after the corpuscles have been centrifuged 
off) seem to be valuable for this purpose. 

Judging from the above cited literature (p. 92), a “suspension 
effect” of corpuscle-plasma suspensions hardly exists; the fact 
that rouleaux show the same electrokinetic potential as single 
blood corpuscles also is against such an effect {cf. p. 38). 

Ad A 2). 

Does a change in the size of the particles due to occurring ag- 
glomeration cause the conductivity effect? 

When considering a suspension of homogeneous, equally large 
spheres, where several spheres associate to larger ones so that 
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the volume of the disperse phase (volume concentration) remains 
unchanged, .we find constant conductivity. Furthermore, Fricke ’ s 
formula shows that the conductivity must he independent of the 
size of the particles since the characteristic magnitudes of Fricke’s 
calculations (130), viz. the electric field intensity normal to the 
outer surface of a particle (sphere) and the field intensity normal 
to the internal surface, are independent of the radius. M. Okcr- 
Blom, 1900 (310), performed some classical measurements on 
suspensions with unequally large quartz particles and he, too, 
found that the conductivity was independent of the size of the 
particles. 

Is the change in conductivity caused by a change in the volume 
concentration of the particles? 

S. C. Brooks, 1925 (48), pointed at the influence of small 
changes in volume of the blood corpuscles on the electric con- 
ducting properties of the blood. Brooks’ special view assuming a 
higher conductivity of the red blood corpuscles is in contrast 
to W. Roth (357), S. Bugarszky and F. Tangl (50), G. W. Stewart 
(397), M. Oker-Blom (309), and H. Fricke (130) who considered 
the erythrocytes to be insulators*). 

In “rouleaux formations”, a pressing together of the erythro- 
cytes may be observed directly ( R . Fahraeus (109), E. Ponder 
(336) ) ; in this way, only a deformation might occur, while a 
volume reduction is hardly probable. In regular rouleaux forma- 
tions, and especially in very large erythrocyte aggregates where 
we presumably meet with spongy structures, larger or smaller 
amounts of plasma might be enclosed. Hence, in this case, the 
aggregation should cause an apparent increase in volume con- 
centration of the coi'puscles, i. e. a reduction of the conductivity. 
By means of Fricke ’ s formula cited above, a change in volume 
concentration corresponding to a given change in conductivity 
can be calculated. Obviously, a given increase in corpuscle con- 
centration causes the greater a decrease in conductivity of the 
blood, the greater the initial concentration of the corpuscles. 

Ad A 3). 

Can a different shape of the particles cause a change in conduct- 
ivity ? 


*) Cf. footnote p. 116. 
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As shown by H. Fricke, 1924 (132, p. 581), the conductivity 
of a suspension also depends on the shape of the particles. The 
observation of a pressing together of the erythrocytes during 
rouleaux formation has been discussed previously. J. F. Me 
Clendon, 1926 (274), discussed the problem whether a change in 
the shape of erythrocytes from ellipsoid to sphere might produce 
a lowering of the conductivity. A change in shape in the opposite 
direction, originating from an influence of the electrical charges 
of the double layer on the interfacial tension, was assumed by 
Y. Bjornstahl, 1924 (37), in order to explain the “electric double 
refraction” of mercuiy suspensions. 

E. Mulh, 1927 (285), observed the so-called “string of peris” 
phenomenon, i. c. drops of fat, emulgated in water, arranging 
themselves like peris on a string (presumably a simultaneous 
length deformation of the fat drops occurred) parallel to the 
direction of the field when an alternating field was applied. 
This phenomenon is certainly bound to strong alternating fields. 
E. Math's experiment was carried out with dilute milk, the part- 
icles were 0.5 — 5 /x. The frequency of the a. c. varied from 2.10 4 
to 2.10° cycles. On three emulsions investigated, the effect was 
independent of frequency within the given range. Presumably, 
the time of relaxation of the ionic atmosphere of a particle is 
considerably greater than the time of relaxation of the atmo- 
sphere of an ordinary electrolyte ion, so that low frequencies 
should be of considerable interest. 

The lowest field intensities (threshold values) just producing 
the “siring of peris” phenomenon were 3, 4, and 10 volts/cm. 
The mentioned field intensity as well as the frequency are much 
higher than those employed in the author’s conductometric 
measurements (2000 cycles, 0.02 volt/cm; cf. p. 181). 

In “string of perJs” formations, the electric conductivity of 
emulsions (or suspensions) presumably increases (the particles 
are regarded as insulators). A mathematical treatment of Muth's 
phenomenon was attempted by W. Krasmj-Ergen, 1936 (232), 
who calculated the behaviour of two insulated conducting spheres. 
During direct observation of erythrocytes in the electric field, 
for example in the usual micro calaphoresis apparatus (direct 
current), a change in shape of the erythrocytes simultaneously 
with the switching on of the field could not be noticed. 
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Does the so-called “orientation effect ” play any part in the 
change of conductivity? 

This question is answered in § 37 (p. 125) which contains 
the author’s theorelico-physical investigations concerning this 
effect. 


The cataphoretic conduction. (Ad B ). 

The electric conductivity of an arbitrary medium is determined 
partly by the quantity of electricity moved in the electric field, 
partly by the velocity with which the carriers of the electric charge 
move in the given field. In the conduction through an electro- 
lyte solution, the ions appear as carriers of electricity. In suspens- 
ions, the cataphoretic migration of the particles causes an elec- 
tric conduction, the so-called cataphoretic conduction, and 
thereby the conductivity of the suspension is increased (iff. v. 
Smoluchowski, 1903 (381) and 1905 (382)). 

Colloidal particles do not carry any free electric charges but, 
according to Helmholtz-Smoluchowski’s theory, 1879 (185) and 
1912/21 (385), they are surrounded by an electric double layer 
(cf. § 23, p. 57). When an electric field is applied, the double 
layer is displaced, the particles move and transport a quantity 
of electricity, the inversely charged layer of fluid moving analog- 
ously. The corresponding contribution to the conductivity of the 
system is determined by the effective charges of the particles, 
their number, their friction resistance, and by the charges of 
the migrating layers of the fluid. 

It appears from H. Frcundlich's and G. Hcvesy’s calculations, 
1932 (125, II, p. 63) and 1917 (197), respectively, that due 
regard must be paid to the cataphoretic conductivity when measur- 
ing the conductivity of aqueous suspensions. For a suspension 
of spherical particles, the cataphoretic conductivity (Freundlich 
and Hevesy, loc. cit.') is 

, 4 7T7j ur (r -j- d) ^ (U) 

K .^ v u V*) 

(number of particles times valency times migration velocity), 
where is the specific conductivity, v the number of particles 
per cc, y the coefficient of internal friction of the suspension 
medium, r the radius of the particles, u the cataphoretic migrat- 
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ion velocity of the particles at a fall of potential of 1 volt per 
cm, d the thickness of the double layer, and N the Avogadro- 
Loschmidt number. If also the participation of the outer shell of 
the double layer in the transport of electricity is taken into ac- 
count, the expression has to be multiplied by the factor 2. In 
case of hydrogen ions as “counter ions’’, this factor may increase 
to 8. It appears from the formula that the cataphoretic conduct- 
ivity is directly proportional to the number of particles; further- 
more, the size of the particles plays an essential part, since the 
conductivity increases approximately with the square of the 
radius. In spite of the low concentration' of particles in the blood 
compared with ordinary hydrophobic colloids showing a just 
measurable cataphoretic conductivity, we must expect a marked 
cataphoretic conductivity of the blood due to the enormous size 
of the corpuscles relative to the size of ordinary colloidal particles 
(cf. the calculation below). 

The cataphoretic conductivity of a suspension is generally con- 
stant and is part of the total conductivity of the suspension, 
where it will only be noticed if it is changed. Since the cataphoretic 
conductivity of a suspension is proportional to the number of 
particles and to the square of their radius, i. e. the size of the 
interface between the particles and the suspension medium, a 
coagulation process should be accompanied by a reduced cata- 
phoretic conduction (if the thickness of the double layer and the 
cataphoretic migration velocity are considered constant). 

Ii. Nordenson, 1915 (296), and furthermore G. Hcvesg, 
1917 (197), assumed that the electric conductivity of a dispersoid 
may decrease due to an increase in size of the particles. As an 
example, Ifcvesy mentioned' Whitney and Blakcs results from 
conductivity measurements on colloidal gold solutions (1904 
(444) ). The conductivity decreased after repeated cataphoretic 
deposition and solution of the gold. The decrease in conductiv- 
ity might be caused either by removal of the electrolytes or by 
continuous increase in size of the gold particles after repealed 
dissolving. 

The reduced conductivity as a function of a decreasing degree 
of dispersion is illustrated in the following table calculated by 
Hevcstj. This table shows the conductivity of a 0.1 per cent gold 
hydrosol with a “normal” cataphoretic mobility of the particles 
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(50 ohms 1 cm 2 , or 5.2 • 10~ 4 cm 2 • sec -1 volt -1 ) and a thick- 
ness of the double layer of 5 • 10~ 7 cm. 


Tabic 3. 

The cataphoretic conductivity of suspensions. 
(According to G. Hevesy, 1917 (197) ). 


Radius of 
particles 
in cm 

Number of 
j particles 
per cc 

Valency of 
the aggre- 
gates 

Specific con- 
| ductivity in 
olim— 1 cm -1 

10- 7 

1.2 • 10 15 

5 

0.5 • 10- 6 

io - 6 

1.2 • 10 13 

120 

1.2 • 10- 7 

10 — G 

1.2 • 10 10 

8350 

8.4 • 10-° 


H. Freundlich, 1932 (125, II, p. 64), calculated a similar 
series of figures, where the conductivity was moreover evaluated 
for different thicknesses of the Helmholtz’ double layer; the 
cataphoretic conductivity increases with increasing thickness of 
the double layer. The increased contribution of the single particle 
to the conductivity due to increasing radius will be over-compens- 
ated by the decrease in the number of particles. If the number of 

particles is reduced k limes ^to by the formation of exclusively 

k - fold aggregates, the radius of the aggregates becomes r ]/k, 
and the surface of the particles which is proportional to the con- 
ductivity contribution of the single aggregate becomes nr r u k*. 
These absolute calculations of the cataphoretic conductivity 
on the basis of Hevesy' s, Nordenson’s, and others formulas 
are only of minor significance, since our knowledge of the structure 
of colloidal solutions is very insufficient. 

The experimental determination of the cataphoretic conductiv- 
ity of a colloid is not solved satisfactorily. In general, a differ- 
ence method is employed in which either the directly measured 
or the calculated conductivity of the ions which do not belong to 
the considered colloidal salt (f. e. the particles with counter 
ions”) is subtracted from the measured conductivity of the 
suspension. In some of the first experiments with the difference 
method, ultrafiltration has been applied. J. Duclaux, 1909 (S6)> 
thus described the cataphoretic conductivity of the colloid by 
the formula 
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A x = A-A u (l-i>), (75) 

where A y is the conductivity of the suspension, A ft that of the 
ultrafiltrate, and v is the volume concentration of the particles. 
Duclaux' equation cannot be applied directly to corpuscle suspens- 
ions, since the volume concentration of red cells plays a role 
even in rather dilute suspensions, in contrast to ordinary col- 
loidal particles in concentrated sols. The volume concentration 
is of great influence on the direct conduction of suspensions. 
The experimentally found cataphoretic conductivity is generally 
not identical with the theoretically calculated conductivity but 
it is a few orders of magnitude higher. Furthermore, we meet 
with the peculiar phenomenon that the conductivity of the ultra- 
filtrate can be greater than that of the suspension. The applicat- 
ion of ullrafiltration is an intervention which in itself might 
cause critical objections when colloid electrolytes are concerned 
(cf. Wicgncr's suspension efTccl discussed on p. 92); in most 
cases, the results become falsified. 

The colloid-chemical handbook by W. Pauli and E. Valko, 
1929 (325), presents an excellent survey of the lacking agreement 
between the experimentally found and the calculated conductiv- 
ity of colloids®). 

A rough estimate of the cataphoretic conductivity of the blood. 

Ii. Frcundlich, 1932 (125, II, p. 87), has given a simple formula 
for the calculation of the electric charge of a colloidal particle if 
the cataphoretic conductivity of the colloid' is known, or vice 
versa. The cataphoretic conductivity A tJ of a suspension indicates 
that the particles carry A M coulombs across every cm 2 per sec, when 
the intensity of the field is 1 volt per cm. When the cataphoretic 
velocity of the particles in the mentioned field amounts to u 
cm /sec, this means that a sol- volume of u cc, containing uv 
particles, passes 1 cm 2 per sec so that the charge per single 
particle becomes 

c = — coulombs = 6 • 10 18 • — electronic charges. 
v u ■ V ll 

*) Addendum: A charge of 30 units was calculated from the cataphoretic 
velocity of particles in a gold sol, while a charge of 40,000 units was obtained 
in conductivity measurements (loc. cit. (325 p. 497) ). 
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On the other hand, we have 

. evu 

K ~ 6 • 10 18 * ( 76 ) 

This formula does nol contain any hypothetic thickness of the 
double layer. The charge of the particles calculated by means of 
the formula, viz. the cataplioretic conductivity, must be regarded 
as a maximum value. If the contribution from the “counter ions” 
is also taken into account, the cataphoretic conductivity amounts 
to more than twice to three times A ra . 

The number of blood corpuscles be v = 5 • 10®/cc 

the cataphoretic velocity u = 1 • 10~ 4 cm/sec./ 

volt/cm 

the charge number e — 15 • 10° electronic 

charges 

(according to H. Abramson and L. S. Moyer, cf. above, p. 62) 
we get 

2 A (a = c. 2 ■ 10~ B ohm” 1 cm -1 


and, hence, the conductivity makes out 0.4 %„ of the conductivity 
of ordinary blood, viz. 5 * 10” 3 ohm” 1 cm” 1 . 

If we assume, however, a charge of the erythrocytes which is 
50 times as high, i. e. e — 75 • 10 7 electronic charges, which is 
nol at all improbable, we get 2 A u — 1 * 10” 4 ohm” 1 cm” 1 , 
or 2 per cent of the conductivity of the suspension. 

When the cataphoretic conductivity of the blood is of a reasonable 
order of magnitude, we should expect that the conductivity of the 
blood calculated according to Fricke’s formula — who only 
reckons with direct conduction • — should be less than the 
experimentally determined conductivity. H. Fricke, 1924 (131), 
found rather good agreement of his calculations with G. N. 
Stewart's measurements, 1899 (397). However, both the experi- 
mental errors and especially the actually unknown conductivity 
of the erythrocytes make a decision on the basis of this method 
impossible. 
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§ 37. THEORETICO-PHYSICAL INVESTIGATION OF THE 
SO-CALLED “ORIENTATION EFFECT”*). 
Introduction. 

H. Frickc, (132, p. 581, and 134, p. 159), J. F. McClendon 
(274), and others presumed that an orientation of the erythro- 
cytes in the electric field might cause a change in the electric 
conductivity of the blood. Incited by this interesting presump- 
tion and, furthermore, bearing in mind the general significance 
of this problem for colloid physics, the author is discussing in 
the following paragraph how the direct conduction of a suspension 
can be changed when non-sphcrical particles orientate themselves 
in the suspension medium. 

The liquid suspension medium is assumed to have a dielectric 
constant e 0 and an electric conductivity cr 0 ; the suspended, un- 
elastic (“slarr elastisclic”) particles, which arc assumed to be 
ellipsoids of revolution, may have the corresponding constants 
e and <t. Provided that the conductivity of the ellipsoids is different 
from that of the suspension medium, the conductivity of the 
suspension will depend upon the orientation of the particles and 
will reach an extreme value (maximum) if all cllij)soids are ad- 
justed with their major axes parallel to the direction of the current, 
and the other extreme value (minimum) if the ellipsoids arc 
orientated completely at random. When e 0 =}= e or cr 0 =}= ,ar > or 
both, pondcromolivc forces will act upon the ellipsoids which 
thereby gel a moment of rotation and tend to obtain a certain 
orientation. 

We therefore meet with the task to follow more closely this 
orientation process when an electric field is applied and to stud}' 
the resulting changes in conductivity. We consider the electric 
rotation moment, the opposing moment of friction arising from 
the rotation of the ellipsoids, and the influence of the Brownian 
movements upon an incipient orientation. The conductivity of 
the suspension may then be calculated at a given orientation of 
the ellipsoids. 

" : ) The results from investigations described in this paragraph have been 
published recently (J. E. TIujgescn, 1939 (414)). 
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a. The electric rotation moment. 

The electrodes of the conductivity cell be two vertical plates 
whose distance is small compared with their dimensions. 

When no ellipsoids are present between the electrodes, the 
field is homogeneous with horizontal lines of force. When an 
ellipsoid is placed between- the electrodes, the field will be de- 
formed locally and the ellipsoid will be affected by a rotation 
momentum D. 

The origin of a rectangular right-coordinate system is placed 
in the centre of the ellipsoid so that its rc-axis overlaps the axis 
of symmetry (the short semi-axis of planetary (oblate) ellipsoids 
of revolution, the long semi-axis of prolate ellipsoids). Since we 
consider an ellipsoid of revolution, the z-axis may be chosen 
normal to the plane formed by the a>axis and the outer given 
field vector, field intensity E, so that E. = 0. The y-axis is then 
determined. The acute angle between the axis -of symmetry 
(x-axis) and the field vector is denoted as 6. 

The moment of revolution exerted upon the ellipsoid by the 
given field was calculated by R. Fiirth, 1924 (140) and 1927 
(142). Retaining his terms we gel 


where 


D 


2 e n E 2 sin 2 0 


*+t=i)(*+^r 


-f- a 


x 2 (a 2 — x 2 ) 


( 

b 2 \ 


X 2 1 - 


— a 2 


dx, 



b 2 )X, 



(77) 


and X 0 and Y 0 are constants. The moment of revolution is positive 
and tends to increase 0 when a < b, and it is negative, tending 
to decrease 0, when a > b. 

For oblate ellipsoids of revolution, we have 
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For prolate ellipsoids of revolution 

j/T=7* 

(79) 


These equations indicate that the expression for D is independent 
of the ellipsoidal dielectric constant e, owing to the fact that the 
electric field inside the ellipsoid is homogeneous. The moment of 
revolution is proportional to the square of the field intensity so 
that D is independent of the direction of the field. 

As stated by Fiirth, the expression for D applies to quasistat- 
ionary states only (cf. his discussion with Busch, 1924 (141)). 

As the moment of revolution results essentially from an accu- 
mulation of electricit 3 r on the surface of the ellipsoid due to the 
difference in conductivity of the ellipsoid and the suspension 
medium, we have D = 0 for <r 0 = a. 

Since D is proportional to sin 2 0, the moment of revolution 

will be a maximum if 2 9 = ~ or 6 = 45 °. If 0 < 6 < 

& & 

D has a definite sign, positive for oblate, and negative for prolate 
ellipsoids. D — 0 if the axis of symmetry is parallel to the direct- 
ion of the lines of force or normal to them. 

A r 0 , Y 0 , a, b, and A depend only on the geometrical shape of 
the ellipsoid; if a — b, we have D = 0. X 0 = 2 ab 2 A, and T 0 = 
2 ab 2 B, where A and B are the elliptic integrals mentioned on 
page 56. 

Hence, independent of the magnitude of its electric constants 
( € < e o> °o)> the ellipsoid will tend to adjust its major axis 
parallel to the field. 


— = « < 1; A 
a 


— 2a 3 1 , 2k 2 , k 2 . 1 
( 1 _*--) d 3 + 3 + 2 |/ r =)? log 1 


A '"=l 




4/c 2 


1 -f 


.1 


lost 


o 

2 1 

-1 2 

1 K 

* a 1/1 — /c 2 


1 -f }/ l — K 2 
2 j/1— 1 — j/l — /c 2 J 

i + 

log 1 — , 

j/ 1 — i — j/i—7 2 J 


In the present calculations, the cataphoresis phenomenon is 
not taken into account. The increase in conductivity of the 
suspension (cf. p. 121) is constant, and the cataphoretic motion 
is without any influence on the orientation effect since the sym- 
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metrical distribution of charges in the double layer cannot pro- 
duce any rotation of the ellipsoids. 

An orientation of the particles in the direction of least hydro- 
dynamic resistance caused by cataphoresis, electro-endosmotic 
flow, or translational Brownian movements does not occur, as 
we cannot speak of a minimal principle of liquid resistance 
(R. Gans, 1911 (144), and C. E. Marshall, 1930 (272) ). In narrow 
vessels, however, the different velocities of the liquid layers may 
cause some orientation (cf. orientation of particles by “stream- 
ing double refraction”). 

The cataphoretic migration velocity is small*) and, according 
to Helmholtz-Smoluchowski ' s theory, 1912/21 (385), and H. 
Freundlich and H. A. Abramson's experiments, 1928 (127) (cf. 
pp. 39 and 60), it is independent of the shape of the particles, 
i. e. of the orientation of the ellipsoids. 


b. The hydrodynamic problem. 

As already mentioned on p. 57, the required resistance co- 
efficient £ for the rotation of an ellipsoid of revolution about 
an axis normal to the axis of symmetry is 


16 7T7j a~ T~ 5 2 
~3~ aM + WB’ 


(80) 


where a and b are the lengths of the semi-axes, y the coefficient 
of internal friction of the medium, and A and B are elliptic inte- 
grals. 

Employing Fiirth’s constants X 0 and Y 0 , the integrals A and B 
are connected as follows 


X 0 — 2ab 2 A and Y 0 = 2ab*B. 


c. Calculation of a partition function for the orientation of the 
ellipsoids relative to time. 

A polar coordinate system (#, </>) is introduced into the unit 
sphere with the direction of the field as polar axis. From the 
origin, we draw for each ellipsoid a radius vector parallel to the 
momentary direction of the axis of symmetry ; hence, for symmetry 
reasons, the density of the points of intersection on the surface 

*) However, of the same order of magnitude as the migration velocity of 
electrolyte ions. 
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of the sphere will statistically depend only on the pole angle 6, 
i. e. the angle between the field vector and the axis of symmetry, 
and furthermore on lime, but not on <j>. 

If the relative number of ellipsoids with the axis of symmetry 
within a solid angle dQ around the direction (d, f) is denoted 
as f dQ, the partition function f(i, 6) will be altered partly due to 
the electric field which causes an orientation of the ellipsoids, 
partly due to the Brownian rotation movements. This alteration 
of f may be calculated by a method analogous to that empk> 3 r ed 
by Debye, 1929 (76), for the calculation of the orientation of 
polar molecules in electric fields. Instead of the simple Maxweli- 
Boltzmann partition function which is valid for a statistical 
equilibrium, only, and on the basis of Einstein s theory of the 
Brownian movements, P. Debye derived a partial differential 
equation which determined the distribution function for the 
orientation of polar molecules. We shall confine ourselves to a 
brief outline of this method applied to the present case. 

The number of ellipsoids whose direction of major axes in the 
time interval St runs more into than out of dQ is given by the 
equation 

8 (81) 

where A x arises from the orientating effect of the field, and 
is caused by the Brownian rotation movements. 

If 6 is the angle between the axes of dQ and an adjacent solid 
angle dQ’, the following expression applies 

02 

J, = dQ~ 

4 


cos 6 d f d~f 
s\n8 d~6 r dl 2 


(82) 


From this expression it is evident that the Brownian rotation 
movements have no influence if f is independent of 6, i. c. un- 
ordered distribution. As soon as an electric field induces an 
orientation (f dependent on 6), the Brownian rotation movements 
influence the distribution. 

The rotation moment D, acting on the individual ellipsoid 
(cf. p. 126) and causing a rotation about an axis normal to the 
direction of the axis of symmetry and to the field, tends to alter B. 

Under the influence of a constant rotation moment, an ellipsoid 


•Torsen 12. Tliygesen. 


9 
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will rotate due to friction with a constant angular velocity de 
termined by the equation 


D = 



( 83 ) 


where £ is the coefficient of resistance already mentioned on 
page 128. If the rotation moment is positive, the angular velocity 
is also positive, and vice versa. Applying this equation to our 
case with a variable rotation moment, we shall again assume 
that the acceleration effect can be neglected. Consequently, we 
get 

A^ — ■f e ( 2 ”fj 8tsin6 )d0- ( 84 ) 


Introducing A x and and dQ — 2 rr sin QdO into the original 
equation, we obtain 


if 

dt' 


1 d 
sin 9 d 0 


sin# 


<9 2 df D , 
481^0 


( 85 ) 


02 


For the determination of the characteristic constant ~ we 

df St 

make use of the fact that in the special case of — i — 0 (constant 

d t 

field) the Max well- Boltzmann, expression 


f — A- C kT 


( 86 ) 


must be a solution of the differential equation; u is the potential 
energy, k the Boltzmann constant (gas constant per single mole- 
cule), and T the absolute temperature. In the stationary case, 


D = 


bn 


( 87 ) 


and consequently it can be shown that the Maxwell- Boltzmann 
expression offers a solution, when 

02 _ ii (88) 

4S7 £ ‘ 

Introducing this expression, we obtain the final differential 
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equation for the determination of the partition function f (t, 8 ) 
which then may he found for an arbitrary time dependence of 
the regulating moment of revolution. 


,df__ 1 A 
? 6 t sin 8 68 


sin e(,cT±I-Df) 


(89) 


d. Solution of the differential equation and determination of the 
relaxation time of the particles. 

We divide equation (89) by kT and we transfer the term 

^ r 

with — to the left side. If the complicated formula for the rotation 
moment (cf. p. 126) is expressed as 


D — D 0 sin 2 8, 

i a - 2D o 
-o kT and a kJt , 


(90 a) 
(90 b, c) 


where a may be a function of time, the differential equation for 
our problem is as follows 


df 


6t sin 6 68 


sin 8 


df 

68 


sin 8 68 


sin 8 sin 2 8--f 
& 


• (91) 


Primarily, we consider the homogeneous equation resulting 
from (91) by putting a = 0. 


.. df 1 d df 
°6t sin 968 Sm 6 8 


= 0. 


In the usual way, we assume 


f±=K0-H8), 


(92) 


(93) 


where <f (/) is a function of t alone, and if ( 8 ) a function of 9 
alone; we get 


<f>' __ , _ 1 1 6 . a 6>p 

r °^~ fjsind d8[ Sind 68 


(94) 


where A is a constant. 

Equation (94) may be separated in two equations, one of 
which, viz. 


9 * 
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A = 


1 1 d \zinO d ¥ 

fi sind 6 9 [ ! 6 9 


(95) 


is Legendres equation which has admissible solutions only f or 
the Eigenvalues. 


A — n (n + 1) (with n = 0,1,2, ). (96) 

Solutions are the corresponding Eigenfunctions, the normalized 
spherical harmonics of the first kind 


= )/ 

The oilier part of equation (94) gives 


' 2 n-4-1 

i ) — P,i (x) x = cos 0 . • (97) 


l 

fi 


n(n + l) 


T n - 

r„ n(n -f 1) 


'o 

The solution of this equation is 

t_ 

fin — Cji c T,t • 

Hence, the general solution of (92) is 

00 j CO 

f = ^ C n fi n (COS 6 ) C x » — C n fi n (COS 6) 


_ n (, L~LVJ 
e T<| 


• (98) 


(99) 


( 100 ) 


n = 0 


71 = 0 


By a suitable choice of the coefficients C n , this solution may 
be adapted to any function at the time l = 0, and we see that 
independent of the initial conditions, we obtain in the course 
of time an equal distribution, since all terms except the first 
one are eliminated, and P 0 (re) = 1. 

f(t, d ) is given at the time 7 = 0, lor example f(0, 9) = F(0) , 
where F is a given function 


F(ff) = C,, fin (COS g). ( 101 ) 

71 = 0 

111 order to solve (91) with this initial condition, we cany 
out a calculation of perturbation, considering a to be a small 
value; 
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f = f° + f\ 


( 102 ) 


where Z" 0 is that solution of the homogeneous equation (92) which 
at / = 0 is equal to the assumed fait = 0. In other words, f 1 = 0 
at t = 0 for all 0; and, consequently, f° is a given known function. 

As both a and f l arc small, the products are disregarded so 
that substitution of (102) in (91) leads to 


dp 1_ 

T ° d t sin Odd 


sin 6 


dff 

de 


= — 2 Sh rst sin8sin2 «H- 


(103) 


(103) is a non-homogencous differential equation whose right 
side is a given function of f° and 9. 

For any lime t, we may expand f\l, 9) in terms of the Eigen- 
functions of the homogeneous equation 

CO 

P(t, 9 ) =^&(0Mcos 9). (104) 

n - o 

Substitution of (104) into (103) gives for the left side 


1 _ 0 _ 
sin 0 dO 


*E s0 >-si 

Ji — o 

*E d -W *" (cos o) -E « « P 

n — 0 n — 0 ' 

and the whole equation becomes 


co 

sin e Vo ^ ^ ( cos ^ 


1 1 = 0 


9 d0 


sin 


a d 'Pn (COS 0) 

6 — re — 


(105) 


-Ji (n + l) ('>„ (cos 0) 


CO 


ii — O 


dM 0 

dt 


+ n(n-j- 1 )</>,', (/) 


(cos 6 ) = 


2 sin 0 0 0 


[sin 0 sin 2 0/°]. 


(106) 


If wc introduce x = cos 0 as a new variable instead of 0, 
we finally gel 


CO 

n •= o 


A. <V> = + « [.r (1 - **) n (107) 
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After multiplication of this equation by >/. JH ( x ) and integration 
over x from —1 to +1, employing the orthogonal relations of 
spherical harmonics. 


r»+l rt+1 

\ 4’n (as) <Pm (as) das = 0 and V (as)] 2 dx = 1 (108) 

i n 4 :m *“~ 1 n = m 


we get 


where 


r ° — — + m(m -j- = g m (t). 


(109) 


L 1 rf 

0m (0 = + a J ’pm (as) [* (1 — as 2 ) f 0 (1, as)] das, (110) 

and m = 0, 1, 2, 3, oo. 

In order to solve (109), using again index n instead of m, we put 


n(n + l)t 


&(0 = e r " y n (t) — e y n (O' 

By substitution, we get 

dy n (t) 


dt 


= yn(O e r «- 


(ill) 


( 112 ) 


(112) may be integrated directly, since y n , like 4>\ an ^ f 1 , will 
vanish when 1 = 0. We obtain 


Un 


1 £ 

(/) = — \ g n (t')e x n dt', 

T ° «-'o 


(113) 


where V is a variable of integration, or according to (111), 



Substituting this expression into (104), we get f 1 as a function 
of 1 and as, or of 1 and 0. 

The general formulas so far derived will now be applied to a 
particular, but simple initial distribution. 

If f at the time f = 0 is independent of 0, we have f° = 1 
1 = 0; and since f° — constant is a solution of the homogeneous 
equation, f° — 1 is valid for all 1. 
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For g n (t) we find 

f +1 

g,i (0 = + a(0 \ 4 s n (x) (1—3 x 2 ) dx. 
However, we know that 

P 2 (x) = ~ (3a; 2 — 1) and = j/y P s (x). 

§n (0 = — 2 j/| a(0 jj if, n (x)i{i 2 (x)dx. 


(115) 


Therefore, 


(116) 


(117) 


Hence, for this simple initial condition (equal distribution of 
direction), all g n ( t ) = 0, except g 2 ( t ) which is equal to 

-2]/f «(')• 

This means ( t ) = 0 for all n =j= 2, and 

t r <’ 


* 5(0 


— 1 e T * jj 2 j/j a(0 dt\ (118) 


If we consider, furthermore, the case that a constant field is 
applied at the time t — 0, a becomes constant in the time, and 
we obtain 


* 5(0 = — 2 J / T « ( l — 6 


■?' 1 


6 ' 


since 


As 


f 

*o 


l £ 

e r » eft' = To ( e Tj — 1 ) and = A- r 0 . 


(119) 


( 120 ) 


f 1 = <£> (0 4*2 (cos 0), and >// 2 (cos 6) = y ]/|- (3.r 2 — 1) (121) 
we get 


f=f 0J rP- = l — -jg (1 — e "J( 3 cos 2 0 — 1). (122) 

With f = oo, formula (122) represents the simple Maxwell 
distribution because, in this case, we get 
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f= 1 — j^cos20 + ~ 


(123) 


This means that, apart from the values of higher orders of a 
rve have 


f'-' e 




cos2 0 


i-) ” c03 2 G «. 

3 J ~ const e 4 oo const e kT , (124) 


where 


a== ^FF and D ~ D ° sin 2 6 ~ — jlj’ 


(125) 


as an integration of the last expression leads to 

u = cos 2 6 = ~ kT cos 2 6- 
2 4 


(126) 


The relaxation time of the particles derived from (122) is 




6 kT’ 


(127) 


If a is a function of time a ( t ) (for example, if the field results 
from a sine potential), and the usual symbols for maximum 
amplitude, angular velocity, and phase shift are applied, we get 


E — E 0 sin (oj t -j- 8), and D — D 0 sin 2 8 sin 2 (to t -f- 8) 


D 0 sin 2 (to t + 8) = D 0 


i(cot + b ) — i(a>t + b ) 

C ' o 


~ ^ Real part of -{e 


2 i 

{ i (2 co l + 2 &> j 
C } 


(128) 


i. e. 


a(t) 


2 D 0 sin 2 (a> f -j- S) _ -Do__^o i? | ( , i(2 “ i + 2&> 


kT 


kT kT 


• (129) 


Introducing this a (f) into expression (118) previously found 
for 4>\ (f), and remembering that 


f l = <f>l (0 ipo (cos 0), 


( 130 ) 


rather simple calculations lead to 
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f=f° + f 1 = 1 


f = 1 


A> 

G/rT 


(3 cos z 6- 


■!){) 


cos £2 (jo t — (— 2 8] - J- 2 cot o sin [2 co f — J— 2 8] 


1 + (2 cor 2 ) 2 


— e r « 


cos [2 8] -f- 2 cot o sin [2 8] 


/•=! 


^(3cos=0 — 1)|X 
[l- 


1 + (2 ^ 2 ) 2 

1 

)/l+(2cOT 3 y 


(131 a) 


cos [2 co t -(- 2 8 -{- b] 


—1 
■ c T > 


= cos [2 8 -j- b] 


j/1 + (2 COTo) 2 
/‘= 1 ~g^(3 cos 2 0 — 1) G(/), 


(131 b) 


(131 c) 


where = arc tan ( — 2 co t 2 ) signifies a phase shift, and G (t) 
an abbreviation of the { ]■ parenthesis. 

Hence, the distribution of direction varies with twice the fre- 
quency of the field intensity, which is easy to understand, since 
the rotation moment (cf. p. 120) depends on the square of the 
field intensity. 


If co = 0 8 = ~, we get G(t ) = 2 ( 1 — c T * J and f becomes 

2 D„ 


equal to expression (122) with a const = 
If (co t 2 ) > > 1, we get 


kT * 


■g— v (3 cos 2 0 — 1 ) ^1 — c r »j == 1 — ~ (3cos 2 0 — 1 ) (l — e 


(132: 


i. c. when the oscillation periods are small compared with the 
time of relaxation, the expression for the deviation from the 
equal distribution is exactly half the corresponding expression 
for direct current. 


e. Calculation of the conductivity of a suspension at a given time. 

Ii. Frickc, 1924 (132), calculated the conductivity of a suspens- 
ion of ellipsoids assuming a random orientation of the ellipsoids. 

Since we are mainly interested in the influence of the orientat- 
ing effect of the electric field on the conductivity of the suspension, 
his method should be generalized. 
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We consider again (cf. p. 126) a fixed coordinate system a; 
y, z in the ellipsoid, whose m-axis overlaps the axis of symmetry 
and whose z-axis is normal to the direction of the applied external 
electric field. Furthermore, we introduce the coordinate system 
a-’, y’, z\ the point of origin and the z-axis being common for 
both systems, while the m’-axis falls in the direction of the field. 

The components of the applied field in the directions of the 
x-, y-, and z-axes are 

E x — E cos 0 E y = E sin 0 E z ~ 0, (133) 

where 6, as previously, denotes the acute angle between the axis 
of symmetry (m-axis) and the direction of the field (x’-axis). 

For the components of the field intensity inside an ellipsoid in 
the directions of the jnuncipnl axes (x, y, z), we have (cf. Fiirlh, 
1924(140)) 



where 


and 



X 2fld , r dt r dt 

0 ~ J o (a 2 + 1) T(t) 0 " ) o (b" 4- 0 T(i) (136) 

T(0 = j/rF+l (6 s -f 0 . 

The x’ component of the intensity of the field inside the ellipsoid 
f 4 can be calculated by means of the formula 

A s — A x cos (s, x) -f- A y cos (s, y) -f- A~ cos (s, z) , (137) 
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and we obtain 


K- 


-cqcos 9 — ^sinB- 


E cos 2 6 


+ 


E sin 2 9 


(138) 


1 +' 


4 


-A' 


The intensity of the field outside the ellipsoids will be denoted 
as E°. In the immediate proximity of the ellipsoid E° deviates 
from E, but at great distances from the ellipsoids the two values 
arc identical. 

The volume between the electrodes is termed £?, and the total 
volume of the ellipsoids is denoted as Q x . 

F 0 be the intensity of the electric field at an arbitrary point 
of the suspension medium. For a definite given distribution and 
orientation of the ellipsoids, we form the mean value over the 
space outside the ellipsoids, and we denote this mean value as 



outside ellipsoids. 


(139) 


We know that it is a vector normal to the electrodes; hence 


F x . « F and F y . = F, = 0 . (140) 

Inside the ellipsoids, we have a given field intensity F i which, 
strictly speaking, varies from point to point. 

Considering all ellipsoids whose axes of symmetry (x-axis) 
form an angle between 9 and 6 -f- dO with the direction of the 
field (x’-axis), and forming the mean value of F { over the volume 
of these ellipsoids, we arrive at a vector F f ( 9 ), viz. 

5(0 “Tilo.o + io. (>«) 

It is natural to assume that this mean field intensity F { (6) is 
the same as the constant field in a single ellipsoid which is placed 
in a suitable external constant field E, and whose axis of symmetry 
forms the angle 9 with the direction of this field. 

The problem remains how to choose this field E. The mean 
value of E° (cf. above) taken over a volume outside 

the ellipsoid must be equal to the F found above. 

If the volume Q is great compared with the volume of a single 
ellipsoid, the mean value of E° within this region is approxim- 
ately equal to E and, therefore, we have to pul 
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E — F and] E' = F. (6) 

E' x , etc. being the components of F. ( 6 ) . 


(142) 


In order to find a relation between F and V (the potential be- 
tween the electrodes), we realize that the mean value of the real 
field intensity taken over the whole volume Q must be equal 
V 

to — , where l is the distance between the plates, i. e. 


TO, 


outside ellipsoids 


— -Q 


inside ellipsoids 


(143) 


which is equal to 

F(n-Q t ) + Q l [(F.(e)) x .N(e)de = (144) 

*;o = o 

where iV(0) dO is the relative number of elfipsoids within Q 
whose axis of symmetry forms an angle between 0 and 8 -f d8 
with the a:'- axis, and is normalized so that 


f 

\N(0)d0= 1. 


. 


(145) 


Applying (138) and (142), we get instead of (144) 




' 

cos 2 9 

sin 2 9 


i+wW 


N(0)dO = -jn. (146) 


This relation replaces Fricke s equation 7, (1924 (132, p. 580) ) 

Q 1 


If p denotes the volume concentration p = — , and we divide 


(146) by £2, we get 


F(l- P ) + pF 


l 


|cos 2 6 

l sin2 n 

l A H 

5 ) 


where 


A = 1 + 


T- 1 *” B 


1 V 

\N(d)d8 = j, 

(147) 

P — 1 V 

4 y °- 

(148) 


When the mean value of the field intensity is known, we also 
know the mean value of the density of the current u, since 
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ll = crE 


(149) 


applies to every point, so that the mean value of u in a region 
where a is constant is equal to a times the mean value of the 
field intensity. 

For the mean value of u outside the ellipsoids we, therefore, gel 


u° 



outside ellipsoids 



outside ellipsoids 


a°F. 


(150) 


u° is normal to the electrodes and is equal to cr° F. 

The mean value of the ^’-component of the current density 
inside the ellipsoids, where the direction of the axes of symmetry 
lies between 6 and 6 + dO, is likewise 


(-, •(»»,• = dW), = °K- = + % 

=-- c jF 


\ A ' B 
cos -8 sin 2 8 

~A~ ' ~~B 


. (151) 


Hence, the mean value of the x’-component of the current dens- 
ity over the whole region Q becomes equal to 

+ = ,\.Q (152) 

•o ' ’ 

°°F( 1 + + ™)a m<te = u x . . (153) 

’o' “ 

The conductivity of the suspension a m is defined by the equation 


V 


ll. — a - 

X 111 [ 


We pul 


• Vi ' 


-0 , sin 2 0\ 


+ 


B 


N(6)d0 


and, instead of (147) and (153), we gel 


F(l—p) + pFI = 


V 

1 


and 


(154) 

(155) 

(i 56) 


^F(l~p) + apFI=a vi B 


which gives 


(157) 
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a 0 -j- p(u J O' 0 ) 

° m = l-j-p(J— 1) • ( 158 ) 

Obviously, the relative number of ellipsoids whose direction, 
of the axes of symmetry falls between 0 and 9 + d6 is proport- 
ional to /($) sin0 d6 and, hence, 

2V(0) d 6 = C f(6) si n6dd, (159) 

where the constant C can be determined by the normalizing 
equation 

[N(ff)d6=*[cf(6)sm6d6*=l. ( 160 ) 

•■o «'o 


The function f(6) is normalized so that the integral extended 
over all directions is equal to 4 7r, since we proceeded from an 
equal distribution; this integral is constant with time, i. e. 


:7r = ? f(ff)d£2 = [ [ f(8)d<}>sm0d9 = 2 ^? f(0)sm0d0. 

•’ sphere of unit. ^0 4) *’o 


(161) 


This means that C — — or 


N(6)d0 = ~f(6)smede, 


(162) 


and thus we get 


j cos 2 9 


+ 


sin 2 0\ 1 
~B~) 2 


f(9) sin 6 d 0 . 


(163) 


If we introduce x — cos 9 as a new variable of integration, we 


find 


I 



’r 1 -jr)\K x ' )dx - 


(164) 


For an equal distribution of direction, f — f° — 1 ^ ie C01 
responding I is denoted as 


h = 





(165) 
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This value introduced in (158) gives a m for a random distribut- 
ion of direction, in agreement with H. Fricke, 1924 (132). 

For a independent of time t (to—. >-0) we found earlier (cf. 
p. 135) 

f= 1— |(3cos 2 0 — 1)^1 — e~uj. (166) 

Introducing again re = cos 9 as a variable of integration, we 
find for the corresponding I 



We see that I decreases from the value I 0 at the initial state of 
equal distribution to the value I a const 

The time of relaxation — i. c. the time which passes until the 

conductivity attains its new constant value — is t 2 = ~ as already 
staled on p. 136. 

In the case of <r 0 > > a I, equation (158) reveals that a decrease 
in I indicates an increase in conductivity in the course of lime. 

If, however, a is so great compared with o- 0 that a 0 can be 
considered small relative to a/, a decrease in I indicates a de- 
crease in the conductivity of the suspension. 

For a dependent on time, a ( t ), we found (cf. formula 131c, 
p. 137) 

068) 


The corresponding I becomes 



“'•-sla-sl f 


__L 

■e r. 


j/l -f- (2 < ot 2 )~ 


= cos [2 to i -f- 2 8 -f- b] 


j/l (2 COT o) 2 


= cos [2 S -j- b] 


(169) 
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For (w r 2 ) > >1 we get 

t««) = to-g(j-~)(l-e-, 7 ), ( 170 ) 

where the term containing a is half the corresponding term in 
the expression for I aconst .. 


f. .Numerical examples of the preceding calculations. 

The effect of orientation especially depends upon the most 
characteristic term of our theory, viz. 


2 D 0 { field energy per ellipsoid)*) 

itt r kT j ' 


(171) 


i. e. on e 0 , E, g — 

— — , A also on a ; 
a 


— , a, b and T, (A r 0 and F 0 depend only on k 
°o 


h 



(172) 


depend on g and k) besides, furthermore, on the volume con- 
centration p (formula (158), p. 142). 

The duration of the effect is determined by the time of re- 
laxation 


£ 

Tz GkT 


(173) 


which depends on g and, moreover, on a, b, and T. 

The formula for the rotation moment D ( cf . formula 77, p. 
126) shows clearly that we have to distinguish between two 
main cases, viz. 

I. g > > 1, and II. g < < 1. In the first case, we may ob- 
tain considerable effects; in the second case, however, the effect 
will be insignificantly small, since the magnitude of the denom- 
inator of the expression for D mainly depends on g. 

For the sake of simplicity, examples are calculated for rod- 
shaped particles (prolate ellipsoids of revolution), onty. 

I. g > > 1 a = 1 • 10~ 4 ohm" 1 cm" 1 a — 4 • 10" 1 cm 

cr 0 ~ 1 • 10"° ohm" 1 cm" 1 b — 0.5 • 10" 4 cm 


*) For D 0 , cf. formula 90 a, p. 131. 
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— = 100 


K 


1 

~s 


T = 291° Kelvin (18 °C.). 


Sine voltage 1000 cycles. E 0 — maximum voltage/cm = 2 volts/cm 

2 

= — — electrostatic units/cm.*) 

300 ' 


a = —2.4284. I a con3t = 0.26358 + 0.03939 ■ U — c n 




For r] — 0.05 Poise, we have r 2 = 159.4 seconds. 

We calculate I a const and introduce this value into formula 
(158). In this way, the conductivity at different times is obtained. 



Ordinates: specific conductivity o m (-10 5 ). 

Abscissae: time t in multiples of the time of relax- 
ation of the particles (//t 2 ). 

Fig. 3 exhibits the orientation effect when the volume concen- 
tration of the suspension, p, is equal to 0.3, i. e. 

— — = about 7 • 10 10 particles /cc. 

II. u < < 1 a — 1 • lO -6 ohm 1 cm 1 a = 4 • lO"" 4 cm 

cr 0 = 1 • 10 -4 ohm" -1 cm -1 b = 0.5 • lO - " 4 cm 

V- = * = j T = 291 ° Kelvin (18 °C.). 


*) Cf. formula 128, p. 136. 

Jorgen E. Thygesen. 


10 
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Sine voltage, 1000 cycles, E 0 = maximum voltage/cm = _ 

300 

electrostatic units/cm. 

a = —0.03226. 4 (0 = 1.6502 — 0.0007 (l — e ~n). For 

V = 0.05 Poise, we have t 2 = 159.4 seconds. 

In this case, the orientation effect becomes negligible, as the 
conductivity increases only from 5.8987 • 10~ 5 to 5.8996 • 10~ 5 
ohm -1 cm" 1 , i. e. 0.0009 • 10~ 5 ohm -1 cm -1 from time 0 lo 
time 00 . 

The slight rotation moment in case II explains why Freundlich 
and Abramson, 1928 (127), and Abramson, 1928 (2), in cataphor- 
esis experiments did not find any orientation of horse blood 
corpuscles (which may almost be considered oblate ellipsoids 
of revolution), neither when situated separately nor in rouleaux 
(“piles of coins”). 

On account of the completely negligible orientation in the case 
of erythrocytes, an influence on the conductivity cannot be 
noticed, so that H. Frickes formula (or formula (158) p. 142 
with the introduction of I 0 , p. 142) which assumes a random 
direction distribution of the corpuscles must be regarded as 
correct. Moreover, the orientation effect will involve an increase 
in conductivity of the blood corpuscle suspension, in contrast 
to the observed conductivity effect (cf. p. 94) which indicates 
a decrease in conductivity. 

As D depends on a 3 , the orientation effect will be very slight 
for very small particles, even in case I (ju. >> 1). 

In the experiment performed by Kruyt, 1916 (233), with a 
colloidal solution of vanadium pentoxide (a = 0.5 /z), it must 
therefore be assumed that the particles are orientated due to 
endosmotic flow in the very shallow observation chamber (ceteris 
paribus, if a decreases from 4 • 10~ 4 to 0.5 * 10 -4 , D will be 
reduced by 64/0.125 = 512 times). 

The different views held by French physicists ( Cotton and 
Mouton, Meslin and Chaudier') and by German colloid chemists 
(Freundlich and collaborators, Kruyt ) concerning the cause of 
the orientation of particles due to “electric double refraction in 
suspensions have been discussed by C. E. Marshall, 1930 (272). 
Th. Wcreide, 1927 (435), studied experimentally the electric 
double refraction of Benzopurpurin sols. 
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§ 38. A NEW THEORY OF ROULEAUX FORMATION OF 
THE RED BLOOD CORPUSCLES. 

The founder of colloid chemistry, Thomas Graham, 1864 (157, 
p. 184), emphasized: “The colloidal is, in fact, a dynamical 
state of matter, the crystalloidal being the statical condition. The 
colloid possesses Energia. It may be looked upon as the probable 
primary source of the force appearing in the phenomena of 
vitality”. Even if rouleaux formation of blood corpuscles is no 
directly Antal phenomenon, this process is in some respect a 
symbol of Graham’’ s interpretation. 

On account of the experimental difficulties of a direct measure' 
ment of intercorpuscular forces (cf. theory, § 34, p. 105, and 
experiments, § 41, p. 169), it might be attempted Avhether calculat- 
ions on the basis of a suitable aggregation hypothesis lead to 
a quantitative interpretation of coagulation forces. HoAvever, a 
hypothesis of this kind accessible to the instrument of the theoretic- 
al physicist is missing until noAV. 

The previous discussion of the literature concerning aggrega- 
tion theories (cf. § 18, p. 34) did not bring us any further to 
a concrete interpretation of the mechanism of rouleaux format- 
ion, except for the important result that an increased tendency 
to aggregation is accompanied by an increased electrokinetic potent- 
ial-, also the transcription assuming a hydration of the erythro- 
C3 r le surface covers only a very modest knoAvledge. 

OAving to essential Avorks from the field of the theory of strong 
electrolytes and the ensueing attempts to apply this theory to 
the colloidal state, it has become possible to gn^e a physical 
explanation of rouleaux formation. The author’s theory which is 
based upon the electrostatic cohesion pressure assumes — in con- 
tradistinction to earlier theories, especially the critical potential 
theory (§ 25, p. 64) — the electric double layer of the particles 
(§ 23, p. 57) to be the cause of attraction. 

With increasing pressure, a real gas reduces its volume more 
than corresponds to the equation of state of an ideal gas P V = 
R T. According to J. D. van der Wadis, 1899 (429), the increased 
compression corresponds to an extra pressure (cohesion pressure) 
caused by the attractive forces between the molecules of the 
gas. In analogy to van der Waals ’ theory, solutions of strong 
electrolytes shoAv a cohesion pressure produced by electrostatic 
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forces. This pressure acts analogously to the normal cohesion 
pressure, producing a lowering of the osmotic pressure relative 
to that given by the equation P V ~ R T .*) In contrast to van 
der Waals ’ molecular forces which, due to their short range of 
action, affect only the molecules in the immediate proximity 
the Coulomb forces — decreasing much slower with the distance 
— also cause a coupling with more distant ions. In this way, 
the electrolyte gets a structure, since the ions are surrounded 
by the Milner-Debyc ionic atmosphere (1912 (277) and 1921 
(74)); hence, during a longer interval we find on average an 
excess of ions of opposite sign round the central ion. 

A central ion or a colloidal particle with its ionic atmosphere 
forms a mechanical system in which electrostatic forces act between 
the single components. For the distribution of electric charges, 
W. Thomson’s well-known electrostatic principle holds (W. 
Thomson, 1848 (413), J. C. Maxwell, 1881 (273) ). If the charges 
in an electrostatic field move under the action of the field strength, 
the energy of the field decreases proportional to the magnitude 
of the work performed. If freely movable, the charges will therefore 
tend to attain such a distribution that the field energy is reduced 
to a minimum. This minimal principle which, among others, is 
treated in the so-called calculus of variation, corresponds to the 
equilibrium condition of heavy bodies in a gravitational field 
so that the electric energy plays the same part as the potential 
energy in ordinary mechanics ( R . Coiu-ant and D. Hilbert, 1931 
(71), R. Becker, 1933 (20)). 

In order to ascertain equilibrium in the above mentioned 
mechanical systems at rest, it is therefore sufficient to investigate 
whether the potential energy 7 has a minimum value at possible 
infinitesimal displacements. 

The potential energy**') of a central ion relative to its ionic at- 

*) Addendum: By isothermal compression of the electrolyte solution by means 
of a semi-permeable, frictionless piston, work is performed which is minor 
than the ideal work. The difference represents a reduction of the free energy 
of that part of the solution which originates from electrostatic forces. (4. Eucken, 
Lehrbucli der chemischen Physik. Akad. Yerlagsges., Leipzig, 1930, p. 3JJ). 

**) Addendum : Since the energy alterations of the electric field due to polariza- 
tion (i. e. unequal distribution of charges) do not occur adiabatically but iso- 
thermally, and the surroundings serve as a heat reservoir, we should exactly 
speaking reckon with free energy in a thermodynamical sense, instead ofp®' 
ial energy (cf. R. Becker (20, I. p. 22), N. Bjerrum, Z. phys. Chem. 

192G, and S. Levine, Proc. Roy. Soc. (London) Ser. A. 170, 145, 165, 19dVf. 
Cf. furthermore*). 
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mospliere reaches a minimum when the atmosphere is centrally 
symmetrical, i. e. as long as the central ion is placed freely with 
an undeformed atmosphere we have equilibrium in its micro- 
system. 

By deformation of the ionic atmosphere, the potential energy of 
the central ion is increased relative to the atmosphere, and — 
under the effect of the rising forces — the ion tends towards a 
new position with a new minimum of the potential energy; there- 
fore, the central ion moves from a position with lower concentrat- 
ion of oppositely charged ions to a position with a higher concen- 
tration of these ions. 

When the ionic atmosphere around two charged particles of 
like sign, ions or colloidal micelles, are brought to overlap due to 
Brownian movements of the particles, a new ionic atmosphere 
appears whose central particle is formed by the original particles 
which are driven towards one another under the re-establishment 
of equilibrium in the new system*). 

Since the ionic atmosphere has a total charge of the same 
order of magnitude as the charge of the central ion, however 
of opposite sign, an ion with its atmosphere represents from 
outside an electrically neutral formation. Due to this electric 
shielding, two equally charged central ions can approach one 


*) Addendum: Such a pair formation of central ions (or particles) might 
he regarded as an analogon to Bjerrum ’ s ordinary association of oppositely 
charged ions. (N. Bjerrum, D. Kgl. Danske Vidensk. Selskab., Math.-fys. Medd. 
7, 9, 192G or Ergcbn. exakt. Natunviss. 6, 125, 1926.). It holds also for the 
new type of ion pairs that the free mobility of the ions is reduced. Component 
ions of an ion group may constantly be changing places with other free ions 
from the solution so that the “complete dissociation” is not invalidated ( N . A. 
McKenna, Theoretical electrochemistry. Macmillan and Co. London 1939, 
p. 22.) The significance of the interdependence of ions of like charge for the 
general electrolyte theory, especially Debye and Bucket's theory, is obvious 
(cf. S. Levine and G. P. Dube (252) ). In not very dilute solutions of colloidal 
dye-stuffs which are uni-multivalent electrolytes, aggregates consisting of ions 
of like sign were actually found (G. Korliim, Z. phys. Chem. B. 33, 1, 1936. 
A general discussion on colloidal elcctrolvtes, Trans. Faraday Soc. 31, 1 — 421, 
1935.) 

The ordinary view concerning the thickness of the double layer by definition 
ad modum Dcbge-B ticket might incite us to deny the possibility of these effects. 
However, calculations performed by E. Giintelberg lead to the following result. 
The contribution from the outer shells of the ionic atmosphere to the potential 
energy of the central ion is very considerable compared to the contribution 
of the inner shells. On this basis only, we understand the applicability of the 
Dcbije-Hiickel theory which otherwise would be exposed to unperspicuous 
special-phenomena in the immediate proximity of the central ion. ( E . Giintel- 
berg, Kemisk Maanedsblad 10, 151, 1929). 
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another without repulsion until the deformation of the ionic 
atmosphere begins. As a consequence of this now but partial 
shielding, a repulsion begins which, however, is much less than 
the Coulomb repulsion between central ions when they are de- 
prived of their atmospheres. In the special case that the charges 
of the particles originate from a dissociation of molecules on the 
surface of the particles, the dissociation will be suppressed loc- 
ally when the particles approach one another so that repulsion 
becomes less than when the charges were maintained. 

If we imagine the interaction energy of the particles (attraction, 
repulsion) plotted in the usual way (with signs) as ordinates, 
and the distance between the particles as abscissae, we obtain 
a potential curve*) which will generally show a minimum some- 
where. If this minimum is not too deep and sufficiently close 
to the distance zero between the particles, the kinetic energy of 
the particles will be able to get over the minimum and to cause 
aggregation. 

In P. Debye and E. Hiickel’s electrostatic electrolyte theory, 
1923 (77, 78), ( E . Hiickel, 1924 (208), W. Orthmann, 1927 (313), 
H. Falkenhayen, 1932 (111), 1935 (112)), these authors try to 
explain the deviations of strong electrolyte solutions from ideal 
solutions by means of inter-ionic Coulomb forces. Debye and 
Hiickel do not take into account a possible attraction between 
equally charged ions or a repulsion between oppositely charged 
ions. However, the preserving influence of the ionic forces upon 
the spherical symmetry of the ionic atmosphere appears in the 
relaxation force of this theory. 

If a current be passed through an electrolyte, the ionic atmosphere round 
one or another arbitrary central ion will be deformed since the central ion moves 
in the direction of one electrode and the ions of the atmosphere move towards 
the other electrode. During this movement of the central ion, an atmosphere 
which is stationary relative to the central ion is formed by biiilding-up in from 
of and break-down behind the central ion. Since the formation as well as the 
break-down of the ionic atmosphere lasts some time — the so-called time of 
relaxation — an asymmetry of the ionic atmosphere appears with an accumulat- 
ion of charges of like sign in front of and charges of unlike sign behind the 
central ion. Due to this charge distribution, the central ion will suffer a retard- 
ing effect, independent of its own sign,- i. e. the relaxation force. This torcc 
causes a reduced electric conductivity of the electrolyte solution. If the viscosity 
of the medium is increased, the reorganization of the ionic atmosphere re- 
quires more time (increase in time of relaxation), whereby the dissymmetry 
and the relaxation force of the atmosphere increase. 

*) Addendum: For the discussion of colloid-physical problems, potential 
curves have already been applied by H. C. Hamaker (209, p. 16). 
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In P. Debye’s kinetic derivation (75) of the osmotic laws of strong electrolytes, 
lie calculated finally the electric force acting upon an ion in an ionic solution 
the concentration of which varied in space. 

It must be considered admissible that Debye and Hiickel gen- 
eralty disregarded other ionic interactions apart from attraction 
between differently and repulsion between equally charged ions 
when dealing with dilute uni-univalent electrolytes. In the case 
of high-polyvalent electrolytes, however, this fact is of essential 
importance for the interpretation of a number of anomalies. 

In the study of the most recent electrolyte literature, we find 
investigations by J. G. Kirkwood, 1936 (225), I. Langmuir, 1938 
(243), and S. Levine and G. P. Dube, 1939 (252), which deal 
with these paradoxical interactions and which support the 
author’s theory in all essential points.*) The view that the electric 
double layer of colloidal particles might cause attraction instead 
of repulsion was pointed out for the first time by A. W. Porter 
and J. J. Hedges, 1922 (336). 

Due to the enormous difference in size between an electrolyte 
ion and a multivalent colloid ion, a direct comparison is difficult, 
perhaps even inadmissible. It seems, however, as if the electro- 
static cohesion pressure was playing a quite different part in 
colloidal systems, especially in the case of x’ed blood corpuscles 
owing to their enormous electric charge and remarkable size. 

If we conceive the electrostatic cohesion pressiwe or rather the 
existing electric energy as producing condensation, and the kinetic 
energy of the Brownian movements as a disperging factor which, 
however, promotes condensation by bringing the particles together 
and, thus, gives rise to rouleaux formation, we succeed in getting 
a concrete picture of the mechanism which makes a theorelico- 
physical treatment possible.**) 

A few further remarks may, however, be added to the pre- 

*) Addendum: Cf. furthermore A. J. Corkitl and L. Roscnhead, Proc. Roy. 
Soc. (London) Ser. A. 172, 410, 1939, who calculated exactly the partition of 
charges in a binary electrolyte between two planes and who found an attraction 
between the planes. The significance of the size of the particles for the stability 
of a dispersoid was treated by II. C. Hamakcr (113, p. 186). B. Dcrjaguin (113, 
p. 203) should be mentioned as an opponent to the paradoxical ionic inter- 
action. 

**) Addendum: With the mentioned simplified picture it is not prejudiced 
that other forces, e. g. Van der Waal’s or Kallmann - Willstdltcr’s forces (Nalur- 
wiss. 20, 152, 1932) arc without any influence on the aggregation process, nor 
is it the author’s intention to conclude from rouleaux formation to other haemag- 
glutinations. 
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viously mentioned outline of the author’s physical image of the 
aggregation process. 

Since Thomson's theorem is a variational principle (for the 
minimum of potential energy) which is especially suited for the 
study of equilibria, the treatment of the total interaction between 
two given (colloidal) particles claims a more comprehensive 
variational principle from the dynamics of particles. 

For the construction of the common ionic atmosphere of the 
particles, it seems furthermore necessary to replace the generally 
applied Maxwell- Boltzmann expression — which only holds in 
the case of statistical equilibrium — by a distribution function 
determined by a partial differential equation derived on the 
basis of the theory of the Brownian movements (cf. the calculat- 
ion of the orientation of ellipsoids, § 37, c., p. 128). 

These very complicated investigations which are not yet 
terminated will be published later. If I, nevertheless, already 
beforehand venture to publish this theory in a popular formulat- 
ion*), this must be ascribed to my agreement with Faraday's 
view-point expressed in his correspondence with Maxwell, 1857 
(L. Campbell and W. Garnett, 1884 (63) ), to whom he writes 

“There is one thing I would be glad to ask you. When a mathe- 
matician engaged in investigating physical actions and results 
has arrived at his conclusions, may they not be expressed in 
common language as fully, clearly, and definitely as in mathemat- 
ical formulae? If so, would it not be a great boon to such as I 
to express them so? — translating them out of their hieroglyphics, 
that we also might work upon them by experiment. I think it 
must be so, because 1 have always found that you could convey 
to me a perfectly clear idea of your conclusions, which, though 
they may give me the results neither above nor below the truth, 
and so clear in character that I can think and work from them. 
If this be possible, would it not be a good thing if mathemat- 
icians, working on these subjects, were to give us the results m 
this popular, useful, working state, as well as in that which is 
their own and proper to them?” 

In the light of the mechanism described, the orientated aggregat- 
ion of the corpuscles becomes comprehensible. In analog) 7 to 

*) Lecture given at the Danish Biological Society (J. E. Tlujgesen 1940, 
(416). 
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electrostatics, we assume an ionic atmosphere with the greatest 
thickness where the geometrical curvature of the particle surface is 
greatest, i. e. at the edges of the disc shaped and at the points 
of rod shaped particles (J. H. Jeans, 1925 (211) ). The resulting 
form of the conglomerate should therefore be rouleaux and 
bundles, respectively; just this is what we observe. The well- 
known phenomenon, temporary deformation of erythrocytes to 
bell-shape, especially marked during a strong aggregation pro- 
cess — often a land of “embrace reflex” — must be ascribed to 
the strong action of forces at the edges of the particles. 

According to E. Ponder (333), the shape of the erythrocyte 
corresponds to an equipotential plane of a charged ring (cf. 
furthermore (334) ). 

Finally, the electrolyte sensitivity of rouleaux formations may 
easily be explained by means of the proposed hypothesis and, 
furthermore, the remarkable decrease in aggregability with in- 
creasing electrolyte concentration and the significance of Hof- 
mcister's ionic series for the stabilizing effect of electrolytes. As 
previously mentioned, the aggregation forces increase with in- 
creasing thickness of the ionic atmosphere just showing these 
features during a change in electrolyte concentration ( cf . H. 
Muller, 1928 (287) ). 

The increase in erythrocyte aggregability by viscous substances 
mentioned in § S, p. 19 does not depend on the chemical 
constitution of the respective substances but seems to follow the 
viscosity of the suspension mediwn. On the basis of the above 
mentioned interdependence between the viscosity of the suspension 
fluid and the relaxation force which is only a special manifest- 
ation of the electrostatic cohesion pressure, the influence of vis- 
cosity upon rouleaux formation may also be explained by the 
author’s new theory. 



Section IV. 

THE AUTHOR’S EXPERIMENTAL 
INVESTIGATIONS. 

A. AGGREGATION EXPERIMENTS, 

§ 39. PERFORMANCE OF AGGREGATION EXPERIMENTS. 

a. Preparation of the blood sample. 

Blood was taken by means of vein puncture. In order to pre- 
vent clotting, 0.07 cc of a 20 per cent potassium oxalate solution 
was added to 5 cc blood, 0.11 cc was added to 8 cc blood. Blood 
was taken from fasting patients in order to avoid lipaemia. The 
sample was immediately divided in two portions, one of which 
was used for ordinary blood routine tests consisting of 

1) per cent haemoglobin (Haldane), 

2) erythrocyte count (millions /mm 3 ), 

3) colour index, 

4) leucocytes per mm 3 , 

5) sinking reaction in mm per hour. 

By the separation of the blood sample in two parts, unnecessary 
traumatism of the blood corpuscles of portion II was avoided. 

The technique of the sedimentation test. 

The technique usually employed at the Finsen Laboratory was 
as follows. 0.2 cc physiological sodium chloride solution (0.9 
per cent) and 1.8 cc oxalate blood obtained as described above 
were sucked up into a Westergren’s 2 cc syringe. After careful 
mixing for one minute, the sample was sucked up to the upper- 
most mark of a Westergren tube (length 300 mm, diameter 
2.5 mm) which was provided with a Katz’ millimeter scale (220). 
The tube was placed vertically and kept standing for one houi 
at room temperature (20 °C). The time of reading was announced 
by an alarm-bell. 
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Preparation of the test suspensions. 

From the well-mixed sample (II), % cc blood was filled into 
a micro test-tube containing a glass bead; from the rest of the 
blood sample, the erythrocytes were centrifuged off and the 
plasma was separated. Whole blood-plasma dilutions were not 
prepared until just before the start of the experiment. The amount 
of plasma, already measured in advance, was transferred into 
the micro test-tube and an exact amount of total blood from the 
carefully mixed blood sample was added by means of a cap- 
illary pipette; the content of the micro test-tube was then mixed 
a few times b 3 r means of the bead. As soon as the test-tube was 
brought in position, the stopwatch was started. In order to avoid 
currents in the suspension, blood and plasma were brought to 
thermal equilibrium in a water-thermostat. 

In all experiments, except those in which the effect of shaking 
had to be investigated, the test-tube was at complete rest during 
the whole period of experiment. 

Talcing of samples from the suspension 
occurred by means of a Pasteur pipette. At a given lime, the 
mouth of the pipette was immersed to the middle of the test- 
tube and the sample was sucked up. In this way, the uppermost 
layer was avoided where an inhomogeneily appeared very rapidly 
due to sedimentation. A sucking up from the bottom of the test- 
tube would also produce falsifications due to accumulation of 
large aggregates. 

The application of a pipette involves the risk that some of 
the corpuscles adhere to the wall of the glass lube, however, a 
loo rapid transference into the counting chamber might split the 
aggregates. 


Filling of the counting chamber. 

Only slightly more than necessary for filling of the counting 
chamber (Biirckcr- T Circle's chamber, 0.1 mm high) was sucked 
up into the Pasteur pipette. After precise filling of the chamber, 
currents were never observed and, since photographing lasted only 
a short time, a possible evaporation had not to be taken into 
account. In this way, closing by means of vaseline could be 
avoided, which was of great advantage in series of experiments. 


When currents appeared due to over-filling of the chamber, the 
results were markedly falsified, i. e. aggregation was found vastly 
increased relative to the preparations which were prepared 
lege artis. 

b. Photographic arrangement. 

An “Askania” film camera with accessories for microphoto- 
graphy was employed. 

The illumination arrangement which was mounted on a photo- 
meter bench consisted of a light source and a filter. The lamp 
was mounted inside a lamp house with a movable lense and the 
light was filtered through a piano-parallel absorption cell, 5 cm 
thick, and filled with a 10 per cent copper sulfate solution. The 
cell served partly for the reduction of thermal radiation which 
might injure the preparation (viz. alter the corpuscle aggregation 
and cause currents), partly to obtain sufficient contrast between 
the red corpuscles and the diffusely grained, strongly illuminated 
suspension medium. After the cell, the light passed a rotating 
diaphragm which opened and closed for the light synchron- 
ously with the shutter mechanism of the film apparatus. 

The light from the illumination device was directed towards a 
plane mirror of a Zeiss microscope, the iris diaphragm and con- 
denser of which served for further regulation of the light. In 
order to attain the best possible contrasts in the picture, the 
condenser was slightly lowered so that the corpuscles were hit 
by convergent light. In this way, too strong and directly dazzling 
light through the suspension medium was avoided and excellent 
plastic pictures of the corpuscles were obtained. The con- 
trast in the picture was improved by smaller diaphragms, how- 
ever, the light intensity decreased simultaneously. 

For the screening of the light in the observation room and in 
order to maintain a constant temperature around the prepar- 
ation on the stage, the microscope was surrounded by a closed, 
electrically regulated thermostat (yet, most experiments were 
performed at room temperature). 

The microscope was provided with a mechanical stage so that 
the preparation could easily be moved during counting etc. 

In order to obtain satisfactorily sharp pictures, it was necessary 
to replace the ordinary eye-piece by a special photo-compensat- 
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ion ocular. Generally, the objective magnification was 10 times 
and that of the eye-piece 6 times. The microscope tube was 
lengthened by bellows and connected to the camera itself which 
was provided with an observation prism and an eye-piece so 
that the preparation could be observed during photographing 
every time it was illuminated for exposure. For practical reasons, 
the prism was always in use. When the illumination device and 
the microscope were adjusted, the exposure could be regulated 
by the sector diaphragm of the camera and the rate of exposure. 
The sharpness of the picture could be tested by means of a special 
arrangement on top of the camera; however, this was generally 
unnecessary, since the picture on the film was always sharp 
when the image in the eye-piece was sharp. 

The rale of exposure could be regulated within a wide range, 
from 20 to 25 pictures per second until a few pictures per minute. 
This was done b}' means of a gear box and a resistance connected 
with the electromotor. 


Photographing. 

Immediately after filling, the counting chamber was mounted 
on the microscope stage. Photographing began 1 — 2 minutes 
later when the corpuscles had sedimented; sharp pictures could 
not be obtained earlier. The lime of measurement was generally 
defined as the time for filling of the chamber plus 1 minute. 

The rale of sedimentation depended on the height of the haema- 
cylomeler and the size of the aggregates which again depended 
on the moment of taking a sample from the suspension. 

Lacking a suitable “Schulzkolloid" (protection colloid) for 
complete cessation of erythrocyte aggregation, it was necessary 
to confine ourselves to the suppressing effect of sedimentation 
on the coagulation process. An attempt was made to avoid fals- 
ifications by rapid photography. When the pictures from various 
regions of the counting chamber were taken in the course of a 
few minutes, constant results could be obtained; in unfavourable 
cases (at relatively high concentrations and very unstable blood), 
the results were markedly falsified when photographing lasted 
loo long, as aggregation continued, although slowly, in the chamber. 

The more shallow the counting chamber, the fewer corpuscles 
occur per square at a given concentration, so that a great number 



158 


of pictures had to be taken to maintain a reasonable counting 
accuracy. Hence, a low chamber involved a long period of 
photographing, however, the risk of continued aggregation in the 
chamber was also reduced. Among the tested counting chambers 
Thoma-Zeiss height 0.05 mm 

Biircker-Tiirck » 0.1 mm 

Fuchs-Rosenthal » 0.2 mm 

the present author considers Biircker- Tiirck’s chamber to be most 
practical for his special purpose. 

In order to secure approximately the same counting accuracy, 
more squares of dilute than of concentrated suspensions were 
photographed. Owing to the application of a counting chamber 
instead of the ordinary slide- cover-glass preparations, photo- 
graphs were obtained under the most uniform conditions. The 
time of exposure depended not only on the height of the counting 
chamber but primarily on the corpuscle concentration. During 
aggregation, the light absorption in the chamber preparation 
varied to some extent, since absorption (scattering) decreased 
with increasing aggregation. 

In aggregation experiments, the photomicrographic film camera 
was especially suited for comfortable and rapid taking of single 
pictures of different squares of the respective preparation. (As 
regards the application to ordinary exposures, cf. § 41, p. 169). 
Agfa “Orthokine” of normal breadth (35 mm) was used for the 
negative film. Developing and copying were, performed by the 
firm A/S Joh. Ankerstjerne, Copenhagen. 

The negative was studied directly with a magnifying glass and 
also either by projection or by enlarging the copies of single 
pictures. Enlarged copies of the single squares and counting of 
the corpuscles on the enlargement was the easiest method, but 
rather expensive. Direct studies with a magnifying glass were 
tiring but could be carried out. The pictures were taken with 
so high a magnification (60 times) that single corpuscles of the 
rouleaux could directly be identified and counted on the enlarged 
copy with the naked eye (Fig. 4). 

c) Sources of error in the technique. 

The most essential sources of error in the measurement of 
aggregation are the lack of protecting colloid and sedimentation. 
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Aggregation continued in the counting chamber, however, at 
a reduced rate as soon as the blood corpuscles sedimented. The 
influence of this phenomenon has been described previously 
(p. 157). 

In very dilute suspensions used in aggregation experiments, 
rapid sedimentation (due to low viscosity) in the micro test-tube 





Fig. 4. “Rouleaux formation”. Magnification 700 limes; blood 
sample crl. No. 4.; erythrocyte count 3.80 Mil./mm 3 ; sediment- 
ation lest 39 inm/1 hour (diffuse interface); blood-plasma dilution 
1:50; temperature 20° C; lime 300 sec. 

is a serious source of error which is only partly eliminated by 
the above described taking of samples from the middle of the 
suspension. On account of the greater late of sedimentation of 
larger aggregates relative to smaller aggregates, the measured 
lime of coagulation becomes somewhat lower the later the sample 
was taken. 

By counting the number of single and multifile particles and 
their multiplicity at a given lime, the total number of single part- 
icles is calculated which is then considered the relative initial 
number. In this way, the influence of the decreasing number of 
particles — due to sedimentation — is equalized, but the dis- 
appearance of some of the large aggregates is not compensated 
completely. 

A reader who is familiar with coagulation measurements on 
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colloids and dispersoids and who estimates the applicability 0 f 
these measurements despite their considerable inaccuracy will 
hardly be discouraged by the above described difficulties in the 
case of blood corpuscle suspensions. Orientating results which 
are the only aim of the present investigations may easily be 
obtained. In studies to come, samples should be taken at the 
same time from different heights of the suspension, since the 
present estimations lead to a mean value, only. The question of 
a possible ortholdnetic coagulation might thereby be elucidated 
(cf. the author’s considerations, p. 168). 

In order to attain a reasonable counting accuracy of the aggre- 
gation distribution, a suitable number of corpuscles must be 
counted. According to P. Plum, 1936 (331), the accuracy of 
ordinary erythrocyte countings in clinics does not depend on the 
area over which the corpuscles are distributed but mainly on 
the quantity really counted. Hayem’s liquid applied to the dilut- 
ion of blood annuls rouleaux formation. In aggregation experi- 
ments, rouleaux formation causes a very irregular distribution 
‘ so that also the area is of some importance. In strong aggregation, 
a greater number of squares must be counted in order to secure 
the same accuracy as in a suspension with (the same concentrat- 
ion and) a slighter tendency to aggregation. In order to reach 
a given counting accuracy for conglomerates of a given multipli- 
city, it is necessary to count the more corpuscles the greater the 
size of the respective aggregate and the smaller the aggregation 
tendency of the blood investigated. 

Counting a sufficient number of corpuscles will always enable 
us to reduce the counting error relative to the other faults of the 
method. In experiment A 1 (Table A 1c, Appendix, p. 201) the 
distribution of the various sizes of aggregates per square was 
determined and, moreover, the total number of aggregates of a 
given multiplicity; this experiment may give an idea of the 
counting accuracy. 

§ 40. RESULTS FROM AGGREGATION EXPERIMENTS. 

a. Characteristic distribution of aggregates; polydispersive coagulat- 
ion; influence of the erythrocyte concentration upon aggregation. 

In order to illustrate the usual course of perikinetic coagulat- 
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ion in corpuscle-plasma suspensions we consider the result ol' 
an aggregation experiment. Experiment A 1, Table Ala, first 
line ( Appendix p. 200) shows the distribution of aggregates in a 
counting chamber preparation at a given time (600 sec). 

If rouleaux formations appeared as conglomerates in a mono- 
dispersive system, i. e. supposing the same tendency to aggrega- 
tion between micelles of arbitrary multiplicity, a number of 
double particles would primarily be formed and these would 
associate with single particles, thus forming triplet particles. Due 
to rather seldom collisions between double particles inter se, 
also quadruple particles would be formed, etc. (cf. Smoluchow- 
ski's coagulation theory, § 27, p. 67). As a measure of the ag- 
gregation ability of a suspension, the so-called lime of coagula- 
tion is frequently used, i. c. the time that passes until the total 
number of particles (Z v) is half reduced. Employing Smolu- 
chowski's notations {cf. p. 70), we gel 

\ ’v = - for / = T we have \ v — - 0 . (1) 

1 + y ““ 

If the number of unchanged single particles (iq) is regarded as 
an indicator of the course of coagulation, the lime ol coagulation 
may be defined as the lime that passes until the number of single 
particles is reduced to \. 


i — r 


1 -L 


T 


for l=T we have 



( 2 ) 


By means of Smoluchowski'a other formulas for the different 
numbers of particles or their combinations, the time of coagula- 
tion may, furthermore, be calculated in various ways. These 
limes of coagulation agree only in the case of monodispersive 
coagulation, while in other cases with deviating courses of coagula- 
tion, the time of coagulation must be interpreted as arbitrarily 
calculated. The arbitrarily calculated lime of coagulation may 
serve as an expression of the course of a coagulation process 
which is not founded on given formulas. One and the same 
time of coagulation may, however, correspond to numerous 
different courses of coagulation which are only unambiguously 
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given by the distribution of particles of a given size at different 
times. 

By means of the expression 


R 3y 

r~~2k©v 0 T ( 3 ) 

(17 = 0.02 Poise (plasma), 0 = 293° Kelvin, experiment at 20 °C), 
and by substitution of the applied formula for T, viz. 


T = 



(4) 


Smoluchowski ' s ratio between action radius and particle radius 
may be calculated and this magnitude may be employed for an 
analysis of the studied coagulation process. 

In comparison with the suspension investigated in experi- 
ment A 1, the second line of Table A la ( Appendix p. 200) shows 
the particle distribution at (rapid) monodispersive coagulation. 
The Smoluchowski distribution in the imaginary comparative 
suspension — which is assumed to be of the same concentration 
as the suspension of the experiment — was calculated for the 
moment when the number of single particles corresponds to that 
of the test suspension. 

In the test suspension, T was determined (arbitrarily) from 


T =— ^ J . (5) 



In the imaginary comparative suspension, T was calculated from 


3y 


2k©(Rjr) v 0 


with 



( 6 ) 


and the moment when has the. same value as in the test suspens- 
ion was evaluated from 

'=(l/:H r - (5) 

The number of aggregates with different multiplicity was cal- 
culated from 
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When comparing these two lines of Table Ala, the difference 
becomes evident. While the number of multiple aggregates of 
the Smoluchowslci distribution decreases vastly with the multi- 
plicity, the blood corpuscle experiment reveals a tendency to 
form an equal amount of multiple conglomerates. Consequently, 
it is proved that (the rather advanced) rouleaux formation does 
not occur as a coagulation in a monodispersive system — as 
originally assumed by E. Ponder (333) who was the first to carry 
out counting aggregation experiments on erythrocyte suspensions. 

The tendenc 3 r of the aggregates to obtain an approximate^ 
uniform size may explain a phenomenon which is well-known 
from the usual technique of sedimentation tests, viz. that the 
corpuscle column generally sinks with a sharp boundary. When 
the erythrocytes show different tendencies to aggregation, rapid 
sinking leads to an indefinite diffuse interface (cf. § 4, p. 12 
and § 18, p. 40). 

If the lime of coagulation of (he suspension is calculated as 
described above from i' 0 and iq, we gel T = 980 sec. In order to 
obtain the same reduction of the number of single particles in a 

monodispersive coagulation = 2^, the lime of coagulation 

must be c. 7 times greater; this means that samples should be 
taken 4514 sec, instead of the applied 600 sec, after the begin- 
ning of the experiment. First after 4.5 T or 4.5 • 7370 sec, the 
maximum number of 8 tenfold particles would have been formed 
(formula 27, § 27, p. 70), while the suspension of the present 
experiment contained 11 particles of this type after 600 sec. 

Hence, coagulation of the present suspension occurs much more 
rapidly and intensely than the Smoluchowski coagulation. We are 
concerned with a so-called polydispersive coagulation, since 
already formed conglomerates act as nuclei of coagulation for 
smaller compound particles, especially for single particles. 

The correctness of this interpretation appears from the follow- 
ing measurements. Table A 2a ( Appendix , p. 201) shows countings 
carried out after 5, 7, and 10 minutes on samples from the same 
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blood dilution. The ratio — increases with time (for calculation 

cf. above) due to the increasing polydispersity which promotes 
coagulation (Table A 2b, Appendix p. 202). The countings in- 
dicate the same characteristic distribution of the micelle multipli- 
city as previously discussed. Table A 3 (Appendix, p. 202) contains 
the results from three different dilutions of the same blood where 
the samples were taken at the same time. Also the decreasing 

jR J 

— with decreasing concentration shows the influence of the poly- 

dispersily. 

In the case of ordinary colloids, a difference between poly- 
dispersive and monodispersive coagulation can only be proved 
when the ratio of the radii of large and small particles amounts 
to at least 10. If the ratio is less, poly dispersive coagulation can- 
not be differentiated from monodispersive coagulation. In the 
case of erythrocytes, however, both aggregation experiments and 
the direct study of rouleaux formation under the microscope 
reveal that multiple aggregates — even two- and threefold 
conglomerates — more easily associate with single particles than 
the latter aggregates mutually. 

Hence, monodispersive coagulation occurs only in the very 
beginning of the process, viz. before the formation of consider- 
able amounts of two- or threefold conglomerates; however, 
satisfactory measurements are rather difficult to perform at that 
time because of the lack of a protecting colloid. 

As a promoting factor of polydispersive coagulation, the growth 
of erythrocyte aggregates to longer and longer rods must he 
emphasized. 

Direct observation of rouleaux formation under the micro- 
scope (and still clearer slow films which will be described later, 
§ 41, p; 170) indicate that attractive forces act between erythro- 
cytes, On account of intercorpuscular forces, the coagulation 
probability for conglomerates of unequal size becomes greater 
than is expected in view of the geometrical shape of the particles 
(cf. H. Muller, 1928 (287, p. 260) ). The effect of smaller com- 
pound-aggregates as nuclei of coagulation must be considered 
an indirect proof of the existence of such forces; in any case, 
rapid coagulation of blood corpuscle suspensions cannot be pro- 
duced by Brownian movements and polydispersity, only. 
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The calculation carried out previously in connection with 
experiment A 1 ( Appendix , p. 200) showed a course of coagula- 
tion where only Brownian movements were effective. § 33, p. 
97, contains the author’s analysis of the influence of inter- 
corpuscular forces upon monodispersive coagulation. The mathe- 
matical treatment of the still unsolved problem of coagulation in 
arbitrary polvdispersive systems was initialed by H. Miiller (288). 

Since the present discussion until now dealt with rapidly 
aggregating blood corpuscle suspensions, it is obvious that “rapid” 
coagulation was involved, f. c. coagulation in which every col- 
lision between particles leads to aggregation. In suspensions 
with a very slight aggregation tendency we may certainly speak 
of “slow” coagulation, since direct microscopical observation 
proved that only a certain fraction of the collisions resulted in 
aggregation (cf. § 27, p. 72). Also in these cases (experiments 
A S and A 9, Table A A, Appendix, p. 202), coagulation occurs 
polvdispersively. According to H. Miiller (287), the effectiveness 
of the collisions (fraction e) increases with increasing size of the 
particles whereby the course of coagulation becomes “aulocala- 
lylic”. It must be assumed that the transition from rapid to slow 
polvdispersive coagulation is rather vague. 

b. Relation between sinking reaction and aggregation. 

In order to illustrate the well-known symbasy between sinking 
reaction and erythrocyte aggregation (§ 4, p. 10), some aggrega- 
tion experiments were carried out on blood samples with varying 
sinking reactions. Almost the same corpuscle concentration was 
employed in all cases and the samples used for countings were 
taken at the same lime (5 and 10 min.) after the start of the 
experiment. A number of measurements of this kind are com- 
prised in Table A 5a ( Appendix , p. 203). The. table reveals that 

^ which is inversely proportional to the time of coagulation T 

increases with increasing sinking reactions at both the chosen 
instances. 

A comparison of the samples taken after 5 min. showed that 
the degree of polydispersily so essential for the course of coagula- 
tion appeared earliest and most intensely in samples with a 
high sinking reaction, thus indicating the participation of inter- 
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corpuscular forces. The samples taken after 10 min. showed the 
greater acceleration and aggregation, the more pronounced the 
degree of polydispersity at the early time (Tables A 5b and A 
5c, Appendix , pp. 203 and 204). Also direct microscopic invest- 
igation of the suspensions proved that intercorpuscular forces 
were the stronger, the more instable the suspensions. 

c. Temperature dependence of the aggregation. 

For the investigation of the influence of temperature upon aggre- 
gation, samples of the same concentration and from the same 
time were compared at different temperatures (cf. Table A 6, 
Appendix, p. 204). 

The tendency to aggregation seems to increase slowly with de- 
creasing temperature. In one single case (sample crt. No. 1, 
Appendix, p. 198), this occurred so rapidly that the presence of 
cold-agglutinin must be assumed. Further attempts to prove the 
presence and to explain the effect of cold-agglutinin have not 
been made, despite the fact that later studies must pay due re- 
gard to this phenomenon*). At the highest temperatures, a poss- 
ible thermo-stabilization must certainly also be kept in mind. 

The general observation of increased rouleaux formation with 
increasing temperature may possibly be ascribed to slightly heated 
preparations where currents in the liquid have an accelerating 
effect (cf. below, § 40, e., p. 167). E. Ponder’s experiments (333) 
are very difficult to interpret, since shaking played a part to 
which rouleaux formation is apparently not indifferent. The 
conductivity measurements at different temperatures, described 
in § 43, p. 189, showed a decreasing steepness of the tangent 
in the origin of the conductivity curve with increasing temperature. 
This result indicates a decreasing rate of rouleaux formation. 

d. The effect of emulsoids upon aggregation. The sinking reaction 
curve of tylose blood. 

The aggregation promoting effect of certain emulsoids was in- 
vestigated only in one case, viz. tylose (methyl cellulose), and 
even this case was studied half quantitatively. The degree of 
aggregation increased with increasing concentration of tylose ( cf. 
Table A 7, Appendix, p. 205). In almost plasma-free suspensions, 

■') Cf. footnote p. 12. 
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Ivlose could replace the plasma proteins. The direct microscopic 
investigation showed beautiful disc shaped erythrocytes and 
regular rouleaux formation. The number of various sizes of 
aggregates in suspensions containing tylose was distributed in 
the same way as in ordinary blood corpuscle-plasma suspensions. 

Corresponding to the increased aggregation, tylose produced a 
higher rate of sedimentation despite the increased viscosity of the 
dispersion fluid. Table A S ( Appendix , p. 205) contains the sink- 
ing reaction of blood before and after addition of tylose. The 
following mixtures with oxalate blood (crt. No. 5, cf. p. 198) 
were used. 

I. Undilule oxalate blood; 

II. 5 cc blood-j-1 cc isotonic glucose solution; 

III. 5 cc blood-}-l cc isotonic glucose solution with 0.5 per 
cent tylose; 

IV. 5 cc blood +2 cc isotonic glucose solution; 

V. 5 cc blood-j-2 cc isotonic glucose solution with 0.5 per 
cent tylose. 

Figure A 1 ( Appendix , p. 206) shows the curve of the sinking 
reaction of prejjaralions III and V. As usually, the sinking re- 
action is plotted in mm as axis of ordinates, and the time in 
minutes as axis of abscissae. The lime of aggregation determined 
by extrapolation as described in § 19 (p. 46) amounted to 17 
and 11 minutes, respectively. All values were measured at room 
temperature. 

The shape of the sinking reaction curve of tylose blood corre- 
sponds exactly to that of ordinary blood (cf. § 19, p. 45). Relative 
to the corresponding control mixture (in order to attain the same 
erythrocyte concentration and the same dilution of the plasma 
proteins), we obtain a shorter time of aggregation after addition 
of tylose, thus indicating a more rapid rouleaux formation. The 
steepness of the linear part of the curve in the case of tylose 
blood sedimentation exhibits the high degree of aggregation. 

c. The influence of shaking upon aggregation. 

The influence of shaking on the aggregation process was de- 
monstrated in one single quantitative and numerous half quanti- 
tative experiments. After very slight shaking or rocking (to and 
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fro twice per min), aggregation was markedly increased re- 
lative to the aggregation of the standing control suspension (Tables 
A 9g and A 9b, Appendix, p. 207). The weak currents in the liquid 
increased aggregation considerably, as is well-known, from the 
work with counting chambers where they have a disagreeable 
effect. Half quantitative experiments proved that rapid shaking 
reduces or checks rouleaux formation; this occurred primarily 
by a disintegration of large conglomerates. 

On account of the influence of shaking and currents on aggre- 
gation, E. Ponder’s slight shaking of the test suspension (cf. 
pp. 88 and 191) must be abandoned, as previously mentioned; 
presumably, it was his intention to avoid sedimentation. 

f. Completing remarks. 

In the above described investigations of aggregation, only 
perikinetic coagulation is taken into account. The question of 
whether orthokinetic coagulation is possible in blood samples 
during the sedimentation test may be discussed briefly. 

Since a certain degree of polydispersity is a condition of ortho- 
kinetic coagulation, the latter cannot appear in the very beginning 
of aggregation. The aggregation which becomes more and more 
polydispersive occurs with so great an intensity that single part- 
icles disappear rapidly and, hence, orthokinetic coagulation 
cannot take place in this phase of the aggregation process. The 
large conglomerates of rather uniform size subsequently continue 
coagulating according to SmohichowskC s theory until hydro- 
dynamic conditions, viz. currents due to sedimentation, limit the 
final size of the aggregates. Since the appearance of orthokinetic 
coagulation requires certain relations between the size of the 
aggregates, also the last phases of the blood sedimentation pro- 
cess offer only slight possibilities for this type of coagulation. 

In contradistinction to H. Gessncr’s interpretation, 1981 (151). 
“Die Fallkurven neh men alsdann eine S-formige Gestalt an und 
die Form der Kurven lasst mit Sicherheit auf eine durch ortho- 
kinetische Koagulation beeinflusste Sedimentation schliessen”, the 
shape of the sinking curve may in a natural way be explained 
on the basis of the discussed considerations. During polydispers- 
ive coagulation represented in the first bend of the curve (aggre- 
gation phase), orthokinetic coagulation is improbable. In the 
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sedimentation phase, the linear course of the sinking reaction 
curve indicates that the final size of the conglomerates is reached. 
The last bend of the curve must be ascribed to a packing effect 
which can only be avoided in Swedin's modification of the ap- 
paratus (cf. § 19, p. 48). 


B. KINEMATOGRAPHY. 

§ 41. DIRECT MEASUREMENT OF INTERCORPUSCULAR 

FORCES. 

While coagulation processes are generally studied quantitat- 
ively b} r the measurement of the “rate of coagulation” which is 
an expression of the total course of the process, only, the determ- 
ination of intercorpuscular forces, the motive power of the coa- 
gulation mechanism itself, might offer a new basis of research 
of the aggregation phenomena. 

Since the so-called “radius of action” of Smoluchowski ’ s 
mathematical coagulation theory (§ 27, p. 68) seems to represent 
a — though very simplified — picture of coagulation forces, the 
author has made an attempt to generalize this theory (§ 33, p. 
97). 

The expression found for R (cf. formula 25, p. 102) contains 
the potential energy of the coagulating particle (position energy) 
relative to the nucleus of coagulation, i. e. the work which has to 
be performed or may be gained in order to approach the coagulat- 
ing particle to the nucleus of coagulation. Since we only know the 
effect of Brownian movements on the particles in the form of 
their kinetic energy, it seems most reasonable to express the 
intercorpuscular forces by the energy introduced into the system. 
If this energy is smaller than that of the Brownian movements, 
the system will disperse, in the opposite case it will coagulate. 
When the magnitude of forces and their distance dependence 
are known, the coagulation work (and thereby the radius of 
action) may be calculated by quadrature. 

A direct method of determination of intercorpuscular forces 
could only be developed in systems where the forces act beyond 
the immediate proximity of the particles. The theoretical basis 
has been discussed previously (cf. § 34, p. 105) in the present 
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paper. The correction for the increased resistance to the particle 
movement between planp-parallel walls was also discussed (cf 
§ 21, p. 53). 

As the method requires some knowledge of the particle dis- 
placement during small time intervals, an attempt was made to 
take motion pictures of the aggregation process. The apparatus 
and accessories are described in § 39, b., p. 156. 

The microscope magnification was 120 times and 240 times 
(objective 20 times and compensation ocular 6 times and 12 times). 
The velocity of filming was 36 pictures per minute. The dilution 
of corpuscle-plasma suspensions was about 1 : 200. In order to 
avoid too rapid sedimentation, Fuchs-RosenthaV s h aemacy to- 
rn eter. was employed which is 0.2 mm high. 

During filming of the movement of a given pair of particles, 
the microscope adjustment had to be corrected continuously due 
to sedimentation of the erythrocytes. Frequently, one of the 
particles disappeared from the field of vision because of its 
greater or smaller rate of falling relative to the other particle. 
Therefore, it was necessary to give up filming one single pair of 
particles and instead to apply a lower magnification (120 times) 
and a greater field of vision. 

For a detailed study of the films served a projection apparatus 
with automatic stop as well as forth and reverse gear. By means 
of this apparatus, it became possible during observation of the 
film to choose and to observe different pairs of particles. When 
an aggregating pair was found, the film was inspected step by 
step and the distance between the centres of the particles was 
measured on the screen. 

In spite of numerous experiments, it has not been possible — ■ 
due to sedimentation — to find pairs of particles which remained 
only approximately within the plane of the picture so that reason- 
able measurements could be obtained. The previously given 
formulas furthermore claim that the spatial position of the centre- 
line, i. e. the line joining two centres, is known. Experiments 
with stereoscopic pictures could, however, not be performed. 

The films proved to be an excellent supplement to direct 
observations in the microscope. To render direct observation 
possible, the rate of motion of the erythrocytes must exceed a 
given value. Owing to the considerable acceleration of the pro- 
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cess on the film (reproduction speed 20 — 25 . pictures per sec, 
while filming speed 0.6 pictures per sec), also very slow phases 
of the movements became clearly visible. 

A film of rouleaux formation and an example of isoagglutina- 
tion (A-corpuscles in B -serum) were presented during a lecture 
given in the Biological Society, Copenhagen (J. E. Thygesen, 
1940 (416)). 

C. CONDUCTIVITY MEASUREMENTS. 

§ 42. EXPERIMENTAL TECHNIQUE. 
a. Conductivity cells, motor, thermostat, and chronograph. 

Conductivity cells. 

The construction of a suitable cell for the investigation of 
conductivity phenomena involved some technical difficulties. 
The movement of the blood for disaggregation of rouleaux forma- 
tions could be produced by streaming, shaking (rocking), or 
stirring. 

Since streaming required rather large amounts of blood, it 
was attempted to keep a small amount of blood flowing to and 
fro between two containers where the air v r as alternately rare- 
fied and compressed over the liquid surface. The pump consisted 
of a ring of an open glass tube which by means of a large stopper 
v r as fastened to the horizontal axis of a car’s screen wiper. From 
the upper ends of the glass ring which was half filled with mercury, 
rubber tubings led to the blood containers. 

Even at rapid streaming, the measuring instrument showed 
small deflections viien the blood was allowed to stand for a 
moment, every time the direction of streaming was changed. 
II. Fricke and 5. Morse, 1926 (134), employed a cell with combined 
streaming and shaking. Because of the immediate start of the 
aggregation process and the conductivity phenomenon, a con- 
tinuous movement of the liquid was necessary. 

Variations in the resistance capacity of the cell appeared during 
rocking vfliich was to some extent applicable in preliminary 
experiments, virile shaking w r as completely impossible due to 
foam formation. The surface active substance octyl alcohol 
could not be applied, since this might cause a change of surface 
of the erylhrocjies and the electrodes. 
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The generator which was built according lo the heterodyne 
principle could he adjusted lo frequencies between 10 and 20 000 
cycles. 

In one of the two circuits coupled to the generator (c /. Fig. 6) 
the phase could be continuously altered by means of a phase 
variator and the amplitude could be regulated by means of a 


conductivity cell 



Fig. 6. Heterodyne compensator for (he measurement of tlte 
blood impedance. (For explanation, cf. the text). 


potentiometer with coarse and fine adjustment. The two alternat- 
ing voltages had the same frequency but not necessarily the 
same amplitude. Both circuits contained valve amplifiers with 
low frequency output transformers. The secondary windings of 
the low frequency transformers entered the bridge circuits I 
and II. 

The conductivity cell was connected in scries with the clamps 
A and D of a decade rheostat of circuit I (the clamps B and C 
were not in use). By means of a shift gear, standard resistances 
(N) of 30, 100, 300, 1000, and 3000 ohms could be in- 
serted. The potentiometer resistance ( M ) of circuit II was con- 
stant. 

The zero instrument of the compensation arrangement was an 
a. c.-milliamperemeter (d. c.-milliamperemeler with copper 
oxide rectifier), the current being amplified in a measuring 
amplifier with adjustable amplification power (output control); 
low amplification at coai'sc adjustment and full amplification at 
fine adjustment and during measuring. 
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One lead to the measuring amplifier was connected to zero of 
the resistance. (M) of the measuring potentiometer, the other lead 
to the point F of a switchboard. The second terminal E of the 
switchboard represented a movable point on the measuring re- 
sistance, i. c. a variable part of which could be put in series 
with the zero instrument. 

Between E and F of the shift gear different impedances of 
circuit I could be inserted. However, only the following two 
connections were used 

1) G — E and A — F 

2) A — E and D — F. 

As sources of e.m.f. in the measuring circuit appears the fall 
of potential across the two inserted impedances (I. standard 
resistance or conductivity cell-f-decade rheostat, II. the inserted 
part of the measuring resistance). When these two potential 
drops arc equal in magnitude and phase, the milliamperemeter 
will not show any deflection. 

Application of the measuring apparatus. 

After having checked the zero point of the scale, the desired 
frequency is adjusted on the frequency scale of the generator. 

The conductivity cell and the decade rheostat are switched in 
series with circuit I; the resistance of the decade rheostat is 
eliminated; the suspension is stirred with a speed which guarant- 
ees full dispersion and hence constant resistance. Subsequently, 
one of the standard resistances is inserted into the measuring 
circuit, the potentiometer is adjusted to 100, and the potentio r 
meter and the phase shift are adjusted until the milliampere- 
metcr shows a minimum (on account of “noise”, the milliampere- 
mclcr will always indicate a minute current). Each of the potentio- 
meter divisions represents 1/100 of the inserted standard resist- 
ance (at an adjustment to 50, each division represents 1/50, etc.). 
The potentiometer remains untouched and a movable needle of 
the phase variator is adjusted to zero. 

Finally, the unknown impedance of the conductivity cell is 
introduced into the circuit, the potentiometer and the phase 
variator are adjusted again until the instrument shows a minimum 
current. The measuring potentiometer now shows the required 
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impedance (in ohms) and the phase variator indicates the phase 
shift (in degrees). When a standard resistance of a wrong order 
of magnitude has been chosen, another one is inserted, etc. 

When the impedance of the fully dispersed suspension is 
found, the adjustment of the apparatus is left unchanged and 
stirring is ceased. The moment when given values are attained 
on the scale of the milliamperemeler is registered, i. e. half or 
whole divisions are determined by means of the chronograph or 
a stopwatch. 

After a certain time of stirring, when the impedance has reached 
the initial value, the experiment be repeated. 

The deflection of the zero instrument indicating the deviation 
from balance of the measuring arrangement is standardized in 
every experiment by means of the decade rheostat in series with 
the conductivity cell. During stirring of the suspension and after 

the circuit is brought to balance, 1,2, 10 ohms are switched 

in, and the deflections of the milliamperemeler are read. Plotting 
these values in a coordinate system leads to a standardization 
curve of every experiment. From this curve, the increase in re- 
sistance above the initial value is determined. 

The “Wirkwidersland” (effective resistance) is, as well-known, 

IF - Z cos + (9) 


where Z is the impedance, IF the ohmic resistance, and <f> the 
phase angle. Due to the very small phase angles (about + 1 0 at 
2000 cycles) in all experiments, tire measured impedances are 
regarded as pure ohmic resistances; in any case, the correction 
would be without any importance for the present purpose. From 
the resistance IF, the specific conductivity z is calculated in the 
usual way by means of the formula 





( 10 ) 


where C is the cell constant or resistance capacity of the con- 
ductivity cell. 

IE the conductivity effect is so great that the scale of the nrilli- 
amperemeter does not suffice — what may happen sometimes 
even in short-lasting experiments and frequently in long-lasting 
experiments — the change in resistance is measured by a variat- 
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ion of the measuring potentiometer until the zero instrument 
shows a current minimum. In this case, the change in resistance 
cannot be read directly from the potentiometer but, if the stand- 
ard resistance and the resistance of the blood arc of the same 
order of magnitude, it becomes almost twice the value read at 
the instrument. This holds under the supposition that the potential 
across circuit I is not changed due to resistance increase. With 
the small variations of resistance in the case of blood, this sup- 
position can be considered fulfilled. 

The standard resistance be denoted as N, the resistance of 
the fully dispersed suspension as B, the increase in resistance 
of the effect as F, and the readings of impedance before and 
after the occurrence of F be denoted as Z 0 and Z lt we get 


(Z.-Z,) B (N+B) 
Z 0 (iV -|- B) — ■ Z 1 B ' 


( 11 ) 


If i 2 is the current in circuit II, E n and E BF the potential differences 
across B and B-\-F of circuit I, respectively, where E is the potent- 
ial across the whole circuit, we obtain 


= = aml e ™ = nTTT+f e = za - (12) 

Bv division, the unknown u is cancelled, and we find 


V B N+B + F _ B(N+B) + BF 

Z x N -f- B B + ~F B(N -f B) -f (N + B) F‘ ^ } 

A solution of the equation with respect to F leads to the above 
formula for F. 

In order to illustrate the course of a conductivity measurement, 
an example of the report is presented below which, of course, 
is more detailed than the tables given in the Appendix. 


12 — 10 — 39. Experiment No. Ii 2 {Appendix, p. 209). 
Conductivity cell II (log C = 0.17371). 

Oxalate blood sample crl. No. 15. 

Temperature 24 °.90 C. 

Frequency 2000 cycles. 

Standard resistance N — 300 ohms. 

Measuring potentiometer Z = scale value 100. 

Phase angle <f> = 0. 


Jorcen K. Tliyfiescn. 


12 
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At the fully dispersed suspension, the initial value of the faj. 


pcdancc Z — 59.1 divisions or 59.1 


300 

Jqq = 1/7.3 ohms. (4 ~ 


1 . 0 ). 


Scale divisions 
of the rnilli- 
amperemeter 

i 

Total impedance in ohms 

Specific con- 
ductivity in 
ohm— i cm— i 

! Time in 
seconds 

0 

177.3 + 0.00=177.30 

8.414 

0 

1 

177.3 + 1.25=178.55 

8.355 

2 

2 

177.3 + 2.10=179.40 j 

8.316 J 

3 

3 

177.3 + 3.10=180.40 

8.269 j 

7 

4 

177.3 + 4.05=181.35 

8.226 

14 

5 

177.3 + 5.02=182.32 

8.182 j 

23 

6 

177.3 + 6.00=183.30 

8.139 

37 

7 

177.3 + 6.95 = 184.25 

8.097 

Cl 

8 

177.3 + 7.95 = 185.25 

8.053 

97 

9 

177.3 + 8.92 = 186.22 

8.011 

143 

10 

177.3 + 9.92=187.22 

7.968 

194 

Z = 63.0 

177.3 +19.37=196.67 

7.585 

240 


The increase in impedance corresponding to every division 
of the scale of the milliamperemeler is read on the standardiza- 
tion curve which is a straight line obtained by graphic evaluation 
of the following values. 

Decade rheostat, ohms 1 23 -456 7 89 

Milliamperem., scale 0.8 1.8 2.S 3.9 5.0 6.0 7.05 8.1 9.1 

For the increase in impedance at the time 240 sec., which is 
beyond the range of the zero instrument, the formula for F was 
applied: 

N = 300; B~ 177.3; N+B = 477.3; 

Z 0 = 59.1 • 3 = 177.3; = 63.0 • 3 = 189.0; 

F = 19.37. 

Accuracy of the measurements. 

The scale of the measuring potentiometer permits readings of 
one tenth of a division, i. c. 0.3 ohm at a standard resistance 
of 300 ohms and Z — 100 (<f> = 0), 0.2 ohm at N — 100 and 
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Z — 50 (<f = 0), lienee an accuracy of 0.1 and 0.2 per cent, 
respectively. The sensitivity of the zero instrument which depends 
on the magnitude of the measured impedances is on average 
0.9 ohm per division at impedances of about 200 ohms. It was 
easy to read x / 2 0 of a division, corresponding to 0.045 ohm, i. e. 
an accuracy of 0.02 per cent.*) 

On account of this accuracy the initial impedance is given 
with one, llie increase in impedance with two, and the specific 
conductivity with three decimals. The poor accuracy of the 
initial impedance is of minor significance for the author’s experi- 
ments, since we are mainly interested in relative values. 

c. Performance of an ordinary conductivity experiment. 

When full disaggregation of “rouleaux formations” is obtained 
by stirring of the blood at a suitable rate, and the electrical 
conductivity of the blood is measured at various times after 
cessation of the stirring, a coagulation experiment is performed. 

The normal determination of the conductivity effect was 
carried out in this way. Only when stirring at or above a certain 
speed, full disaggregation could be obtained, as was detected 
by a maximum conductivity effect. A still higher rate of stirring 
than the critical speed should be avoided because the corpuscles 
may easily liaemolysc due to injuries. Every conductivity experi- 
ment was repeated a few limes. The accurate adjustment of the 
conductivity of the fully dispersed suspension was of greatest 
importance, since small deviations could cause a falsification of 
the effect. 

In order to avoid thermoslabilizalion, only fresh blood samples 
were used for the experiment. Blood with haemolysis was un- 
suitable. As anti-coagulants, 0.07 cc of a 20 per cent potassium 
oxalate solution per 5 cc of blood was used in all cases. 

The blood sample was cooled down to room temperature and 
was moved slightly in a flat glass dish for about 10 min in order 
to obtain equilibrium with the atmosphere. After filling of the 
conductivity cell the latter was immediately and completely closed. 

On a minor portion of the sample, a general blood test was per- 

*) Addendum: A detailed discussion of the accuracj' of impedance and 
phase angle measurements was given by M. Trier and E. Warburg, I). Kgl. 
Danskc Vidensk. Selskab., Math.-fys. Medd. IS, No. 10, 1941. 

12 * 
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formed to the same degree as in She aggregation experiments 
(cf. § 89, a., p. 154). With respect to various calculations, a determ- 
ination of the volume per cent of the erythrocytes would have 
been desirable, however, the erythrocyte number may give some 
information, since 5 Mill, erythrocytes per cc correspond to 43 
volume per cent in the case of non-anacmic blood (c f. § 6, p. 15), 
To facilitate a comparison of conductivity curves, the measure- 
ments were converted into changes of the specific conductivity 
(denoted as Ay in the tables of the Appendix ) by subtracting the 
initial values of conductivity from the measured values, so that 
the curves obtained a common origin. The changes in conduct- 
ivity expressed as ohm - ’ cm -3 are plotted as axis of ordinates 
and time in sec as axis of abscissae. It was considered preferable 
to compare the changes in conductivity directly without con- 
verlion into per cent of the conductivity of the fully dispersed 
suspension, since the effect depends only indirectly on this magni- 
tude through the volume concentration of the erythrocytes and 
the conductivity of the plasma. 


§ 43. RESULTS OF CONDUCTIVITY EXPERIMENTS. 

a. The typical curve of the conductivity effect. The influence of 
the position of the electrodes. The conductivity phenomenon’s 
independence of the sedimentation. 

When comparing the conductivity curves of different blood 
samples (cf. Figs. A 3, A 4, A 5, pp. 210-212), a steeply decreasing 
first part was found as a common characteristic; this steep part 
was followed by a weakly decreasing second region. When the 
experiments last sufficiently long, a third region might be added 
which, however, will not be considered belonging to the real 
conductivity effect. Concerning the observation of the so-called 
“paradoxical conductivity effect”, cf. below § 43 h., p. 189. 

In some preliminary experiments in which the sample was 
shaken (rocked) instead of stirred, the conductivity phenomenon 
was found to be independent of the placement of the electrodes, 
i. c. the effect was independent of corpuscle sedimentation. I Ins 
was, however, not the case with the third region of the conductivity 
curve. 
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When the electrodes were placed as in the permanent arrange- 
ment (cf. Fig. 5, p. 175), the conductivity curve decreased again 
more rapidly after having passed an inflection point which, as 
may easily be shown, represents the time of aggregation of the 
erythrocytes (cf. § 19, p. 46 and § 40, p. 167). The increase in 
resistance after the point of inflection is only an expression for 
the packing of the blood corpuscles above the lower electrode. 
When both electrodes were placed upwards, the third region of 
the curve showed a decrease in resistance due to a decrease 
in concentration of the corpuscles by sedimentation. In experi- 
ment K 2 (Appendix, p. 211) in which very rapidly sedimenting 
blood has been used, the effect of sedimentation on the conduct- 
ivity may already be noticed after the lapse of 3 minutes (cf. 
Fig. A 2, Appendix, p. 209). A time of agglomeration of c. 3 min. 
in the case of blood with a sinking reaction of 137 mm/'h is in 
good agreement with our experience concerning the shape of the 
sinking reaction curve. 

Since the conductivity phenomenon is the object of the present 
investigations, the duration of most experiments was below the 
time of agglomeration of the respective blood sample. Also for 
practical reasons, c. g. with respect to the constancy of the sens- 
itive and complicated apparatus, it was rather difficult to extend 
the experiment over the time of agglomeration, especially in the 
case of samples with a low sedimentation rale. 

Since the greatest part of the conductivity effect, viz. the steeply 
decreasing first part of the curve, occurs within a rather short 
lime of 15 — 60 seconds (experiment K 2, 0.275 ohm --1 cm” 1 or 
more than half the effect in the course of 37 sec.), also this fact 
excludes sedimentation as a cause of the conductivity effect. 
This result is in agreement with B. Siucdin’s experiment, 1936 
(407), in Ii. ThcorclVs calaphoresis apparatus described in 
§ 19, p. 46. 


b. The influence of a.c.-amplitude and frequency. The phase 
shift due to the suspension. 

Preliminary experiments showed, moreover, that a change in 
potential across the conductivity cell did not cause a change of 
the effect (the field intensity between the plane electrodes here 
applied was 0.02 and 0.40 volt per cm. The development of 
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Joule’s heat made the application of higher field intensities im- 
possible). This would have been the case if an orientation effect 
was part of the phenomenon (cf. § 37, p. 125). 

Small frequency variations did not cause a change of the 
effect. Electrolyte polarization was negligible at frequencies above 
2000 cycles (150 000 m), as applied in most experiments with 
the permanent measuring arrangement. Above 10 000 cycles 
(30 000 m), the measurements were inaccurate due to the applicat- 
ion of the water thermostat etc., however, the conductivity effect 
was unchanged. 

Also the conductivity of the fully dispersed suspension (the 
initial point of the conductivity effect) was independent of the 
mentioned slight change in frequency. The well-known con- 
ductivity dispersion of blood corpuscle suspensions observed by 
H. Schaefer, 1933 (366), H. Dancer, 1934 (73), F. Grant, 1935 
(161), and Ii. Osswald, 1937 (318), (cf. the survey by B. Rajcw- 
skg, 1938 (345) ) begins at frequencies above 1.5 • 10 5 cycles 
(2000 m) where the conductivity increases. At frequencies around 
and above 1.5 • 1 0" cycles (20 m), the conductivity becomes 
again constant. 

According to a number of authors (cf. B. Rajcwsky, loc. cit. 
chapter III, p. 191), the dispersion of the conductivity in blood 
corpuscle suspensions must be ascribed to the building-up of the 
erythrocytes as dielectrica arranged in layers. That a Debije- 
Falkenhagen effect (Ii. Falkcnhagen, 1932 (111) end 1935 (112)) 
might be the cause of the phenomenon has apparently not been 
taken into consideration. 

. The relaxation effect of colloids might possibly be the cause of 
the disagreement between experimental and theoretical determ- 
inations of the cataphoretic conductivity of suspensions (cf. 
above, § 36, p. 123). Due to relaxation in the ionic atmosphere 
of the colloidal particles, the electrokinetic potential calculated 
from Helmholtz' equation becomes too low (cf. the discussion 
between A. Rutgers, J. Overbeck and E. Vcrwey, 1938 (209, pp- 
51, 52, 56 and 57)). 

The phase shift which amounted on average to -f- 1 0 at 
2000 cycles v r as not changed with certainty, however, it might 


9 Addendum: Cf. J. J. Hermans, (113, p. 133). 
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increase very slightly during the course of the effect*); H. Fricke 
and S. Morse, 1925/26 (134, p. 159), observed an increase. 
Variations of the phase angle of this minute order of magnitude 
could not be measured with the apparatus available. In the 
evaluation of the present experiments, the negligible phase angle 
was therefore' not taken into account; the measured impedance 
was regarded as a pure ohmic resistance ( cf '. § 42, b., p. 176). 

c. Absolute magnitude of the conductivity effect, reversibility, and 
relation to blood sedimentation. 

As already observed by Ii. Fricke and S. Morse (loc. cit.'), the 
absolute magnitude of the conductivity effect varied considerably 
for different blood samples. In blood samples with a very marked 
conductivity effect, the latter exceeded greatly II. Fricke's data 
of about 2 per cent of the conductivity of the suspension. In the 
case of blood sample crl. No. 15 of experiment K 2 ( Appendix , 
p. 209), for example, the present author found a lowering of the 
conductivity of 0.446 ohm -1 cm -1 after 194 sec, thus amounting 
to 5.3 per cent of the conductivity of the suspension (8.414 ohm -1 
cm -1 ), and this is in no way the highest possible efTecl. Already 
in a moderately accurate conductivity determination of blood, 
variations in conductivity due to the mentioned effect therefore 
involve a considerable source of error. 

It would be most rational to define the magnitude of the con- 
ductivity efTecl as the change in conductivity from the beginning 
of the phenomenon to the point of inflection which introduces 
the third part of the curve (in experiment K 2, hence, 194 sec 
0.446 ohm —1 cm —1 ). Since this point has been registered in a few 
measurements, only, we chose the value at an arbitrarily given 
lime before the. point of inflection. When comparing the magnitude 
of the conductivity effect and the sedimentation rate of blood of 
different arbitrary samples, a close relation between these phe- 
nomena could not be found, in spile of the fact that these tests 
seem to vary almost symbolically in samples of approximately 
the same erythrocyte concentration (cf. Tables K 1, K 2, K 3, 
K 4, Appendix, p. 209 a. f. p. and corresponding curves). 

The conductivity effect of the individual blood sample could 

*) Addendum: Cf., however, the highly improved technique of M. Trier and 
E. Warburg, loc. cit. footnote p. 179. 
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be accurately reproduced a number of limes (experiment K 1 
Table K 1, Appendix, p. 209) until injury of the corpuscles due 
to stirring produced a decrease in the effect. The process which 
forms the basis of the cfTect must be completely reversible and 
of a very constant course. Blood with haemolysis always showed 
a smaller (or no) effect Ilian uninjured blood; furthermore, the 
conductivity effect decreased after longer storing or short heating 
of the blood — in analogy to the decreasing sinking reaction 
after thermal stabilization. Hence, the phenomenon is conditioned 
by the presence of intact erythrocytes. 

Since the conductivity effect 

1) is completely dependent on the existence of intact erythro- 
cytes, 

2) begins immediately after cessation of stirring, 

3) is completely reversible and may be reproduced repeatedly, 

4) appears before sedimentation, 

5) shows an indirect relation to the sinking reaction, 

erythrocyte aggregation must be the cause of the phenomenon. 


d. The effect of an artificially promoted rouleaux formation, A con- 
ductinitij effect accompanying iso-agglutination. 

If the lowered conduction was caused by a reduced degree of 
dispersion of the. suspension, it must be possible 

I. partly to check or to promote the phenomenon by addition 
of substances which affect normal rouleaux formation, 

II. partly to produce the phenomenon by other types of ery- 
throcyte aggregations apart from rouleaux formation. 

Since addition of lylose (methyl cellulose) to the blood leads 
to a greatly increased rouleaux formation — as previously men- 
tioned in counting- and sedimentation experiments (§ 40, d., 
p. 166) — the conductivity effect was measured on the same 
blood sample with and without addition of lylose (experiments 
Ii 3, K 12, Ii 13, Table K 6, Appendix, p. 216). The curves indicate 
not only a marked increase in the absolute magnitude of the 
effect (higher aggregation degree) but also a steeper course of 
the first part of the curve (increase in rale of aggregation) which 
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is in excellent agreement with the author’s previous sediment- 
ation experiments. 

In order to prove the influence of specilic agglutination fiso- 
agglulinalion) upon the conductivity phenomenon it was necessary 
to exclude pseudo-agglutination (rouleaux formation). While the 
addition of electrolytes reduced or suppressed rouleaux formation 
(cf. § 10, p. 23), Forssman, Th. Wndstcin and G. Fischer’s 
investigation of the influence of various salt concentrations on 
haemagglutination (1930 (119), already mentioned § 2, p. 7) 
showed that haemagglutination is not inhibited but may even be 
promoted by an increased salt concentration. Upon man, two 
types of salt effects are found, one of which is characteristic 
of the corpuscles of the A-group to anli-A-scrum, the other one 
of the other groups and their anti-sera. 

The author’s experiments were carried out on A-corpuscles 
which were agglutinated equally well by anti-A-serum in 1, 3, 
and 5 per cent sodium chloride solution, while 5 per cent sodium 
chloride caused a marked reduction of agglutination in the other 
groups. Other alkali- and earth alkali salts in solutions which 
were isotonic with 1, 3, and 5 per cent sodium chloride had 
altogether the same ctTecl upon the agglulinability of blood 
corpuscles, so that the valency of the electrolytes was without 
any influence; on the basis of this observation, it seems permissible 
to conclude that the potential of the corpuscles relative to the 
suspension medium is not decisive for type agglutination. 

By addition of sodium chloride until slight hypertonia, rouleaux 
formation was completely annulled (checked microscopically) 
and the considerable conductivity effect of the blood decreased 
to zero (experiments K 14 and K 15, Table K 7, Appendix, p. 218). 

If real agglutination was produced in a weak hypertonic suspens- 
ion (of A-corpuscles) by addition of type serum (test serum B 
with agglutinin litre 1 • G4, determined at the- Slate’s Scrum 
Institute where the scrum had been kindly put at my disposal), 
a change in conductivity appeared of a similar kind as in blood 
with rouleaux formation (experiment K 16, Table K 7, Appendix, 
p. 218). The microscopic control showed a clear, however not 
very pronounced specific agglutination but no rouleaux formation. 
(A theory of this experiment will be given below, § 43, f., p. 188). 

The conductivity phenomenon is thus produced by erythrocyte 
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aggregation — either of aii orientated type (normal or artificially 
promoted rouleaux formation) or unorientated (real agglutina- 
tion). When compared with determinations of the effect in samples 
with varying sedimentation rates, the last mentioned experiments 
proved that the magnitude of the conductivity effect is founded 
on the aggregation degree of the suspension. Annulment of the 
aggregation extinguishes the phenomenon. 

e. The influence of erythrocyte concentration on the conductivity 
phenomenon. 

The great influence of the erythrocyte concentration on the 
conductivity effect was demonstrated by measurements on blood 
diluted with its own plasma. Experiments K 17, K 18, and K 19, 
Table K 8, Appendix, p. 219 illustrate the change in conductivity 
at three different concentrations of the same blood (pure blood, 
1 part blood + 1 part plasma, 1 part blood -f- 3 parts plasma). 
A simple relation between dilution and conductivity effect could 
not be found; after dilution 1 : 2, the effect increased about four 
times, decreasing again after further dilution 1 : 4. At very strong 
dilution, the effect disappeared almost completely; moreover, 
we know that the effect is zero on pure plasma. 

The relation between sedimentation rate and conductivity at 
the same erythrocyte concentration was discussed above (§ 43, 
p. 183). The sedimentation rate increased greatly and mono- 
tonously with increasing dilution. 

f. Theoretical explanation of the conductivity experiments. Is the 
effect due to “plasma occlusion” or to a change in the cataphordic 
conductivity of the blood? 

An experiment carried out by R. Fdhraeus (109, p. 106) on 
the sedimentation test of corpuscle-plasma suspensions proved — 
according to this author’s interpretation — that the sedimentation 
rate increased with increasing dilution due to reduced friction 
in the suspension and, furthermore, because the aggregates be- 
came greater. If we assume a “plasma occlusion”, i. e. erythro- 
cyte conglomerates including some plasma, to be an essential 
cause of the variation in the conductivity effect with varying 
erythrocyte concentration (cf. the theoretical considerations of 
§ 36, p. 118), the phenomenon may be interpreted on the basis 
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of Fahracas' experiment as follows. The included amount of 
plasma depends on size and number of aggregates, increasing 
rapidly with increasing size of the aggregates, so that the same 
quanlit} r of aggregates distributed over a few very large conglom- 
erates leads to an inclusion of greater amounts of plasma than 
an apportion of the erythrocytes to numerous small conglomerates. 
When the quantity of aggregates decreases, the included plasma 
must decrease; moreover, the resistance-increasing effect of plas- 
ma occlusion decreases markedly with decreasing erythrocyte 
concentration (cf. Ii. Frickes formula 72 for the conductivity, 

p. 116). 

The influence of plasma occlusion on the sedimentation rate 
and the equivalent radius of conglomerates, and on the viscosity 
of the suspension has been mentioned repeatedly (cf § 7, p. 18, 
§19, p. 46, § 20, p. 52). We lack reliable information concern- 
ing the quantity of plasma included in the corpuscle conglomerates. 
Experiments with S. Oden's sedimentation balance (1915 (302), 
1920 (304), and Ii. Gcssncr, 1931 (151, p. 88)) have not been 
performed. The slight difference in specific gravity of erythrocytes 
and plasma will probably make such an investigation difficult 
or even impossible. 

A more stringent explanation of the influence of dilution on 
the conductivity phenomenon may be obtained when the effect 
is interpreted as a change in cataphorelic conductivity of the 
suspension due to erythrocyte aggregation. The cataphoretic con- 
ductivity of the suspension depends on cataphorelic velocity, 
on concentration, and on electric charge of the conglomerates 
(cf. § 36, p. 120). A further part plays the viscosity of the suspens- 
ion which will mainly be changed by dilution. 

The maximum of the effect found at a given dilution might 
appear by a reduced viscosity of the suspension when the vis- 
cosity decreases more rapidly in the beginning than do erythro- 
cyte concentration and aggregation rale. When comparing the 
tangents of conductivity curves in their origin, we find that the 
steepness increases with increasing dilution. This is presumably 
due to an increasing contribution to the cataphoretic conductivity 
per single erythrocyte which “disappears” as a consequence of 
the decreasing viscosity of the suspension. The phenomenon 
hardly indicates a more rapid aggregation. 
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Also the previously mentioned eonductometrical experiments 
may be explained on the basis of the theory of the cataphoretic 
conductivity of suspensions. The increase of the effect with the 
degree of aggregation becomes directly comprehensible (cf. § 36, 
p. 121). The conductivity decreases with increasing electrolyte 
concentration (cf. experiment K 15, Appendix, p. 218) due to 
reduced aggregation, migration velocity, and number of charges 
of the particles. The reduction of the two last mentioned factors 
must be ascribed to lowered electrokinetic potential (reduced 
thickness of the electric double layer). 

The relatively small effect in agglutinin experiments (cf. ex- 
periment K 16, Appendix, p. 218) is due to different factors, 
apart from the described effect of an increased electrolyte con- 
centration it must be ascribed to the binding of the iso-antisub- 
stance to the corpuscles whose potential is thereby reduced. In 
B-seruin, the A-corpuscles loose 25 per cent of their potential 
(V. Schroder, 1926 (373), C. Pulcher, 1933 (342)). If rouleaux 
formation had not been inhibited by addition of sodium chloride, 
also the rouleaux-promoting effect of the thermo- den aturated 
protein of the test serum should have been taken into account; 
during preparation, the test serum is heated to 56 °C in order to 
destroy natural liaemolysins which make fresh serum inappli- 
cable to experiments. 

g. Temperature dependence of the conductivity effect. 

Most determinations of the conductivity effect were carried out 
at the arbitrarily chosen temperature of 24°. 90 C. The influence 
of temperature on the effect was studied in measurements of the 
same blood sample (crt. No. 9, Appendix, p. 198) and at the 
temperatures 11°. 20, 24°. 90, and 37°.60 C (experiments I( 21, 
K 6, K 20, Table K 9, Appendix, p. 221). In the case of fully dis- 
persed suspensions, the conductivity was a linear function of 
temperature in the range investigated. The increase in con- 
ductivity per degree Celsius was 0.142 ohm - 1 cm -1 . The conduct- 
ivity effect increased considerably with temperature and amounted 
to 

0.180 ohm -1 cm -1 at 11°.20C 
0.218 ohm -1 cm -1 at 24°.90C 
0.308 ohm -1 cm -1 at 37 °.60 C, 


189 


respectively, after the course of 60 sec. It has been mentioned 
previously (cf. § 23, p. 60) that the cataphoretic migration 
velocity of different particles increases with rising temperature 
and inversety proportional to the viscosity of the dispersion 
medium. Although the author could not find any description of 
similar experiments with red corpuscles in the literature available, 
it seems reasonable to consider the increase of the effect to be 
mainly caused by changes in viscosity of the suspension. 

In experiments concerning the temperature effect, a peculiar 
phenomenon has been observed, viz. that the steepness of the 
tangent in the origin of the conductivity curve decreases with 
increasing temperature in spite of reduced viscosity. The aggrega- 
tion velocity of the erythrocytes which mainly determines the 
course of the conductivity effect decreases (as already shown in 
§ 40, c., p. 166) with increasing temperature, presumably due to 
changes in the electric double layer of the erythrocytes. We must 
therefore assume that the influence of viscosity alterations on 
the conductivity effect can initially not compensate the influence 
of the temperature sensitivity of the aggregation. 

h. The paradoxical conductivity phenomenon. 

The peculiar effect of dilution on the conductivity phenomenon 
reminds us of the so-called “paradoxical” effect, since also this 
phenomenon is presumably due to variations in viscosity of the 
suspension. When measuring the cataphoretic effect, we sometimes 
meet with an initial reduction of resistance (3 among 73 cases, 
hence c. 4 per cent) which later is reverted into an increase in 
resistance (cf. experiments K 22 and K 23, Appendix, p. 222). 

The first experiment in which the paradoxical effect was ob- 
served is omitted in the tables because of incomplete data; this 
experiment was primarily regarded as failed (the erythrocyte 
count was 5.10 Mill, per mm 3 , and the sedimentation test was 
1.5 mm per hour). The paradoxical effect could be reproduced 
repeatedly on the same blood sample; it could not be ascribed 
to accidental sources of error such as electrolyte polarization 
and the like. At a suitable dilution of the suspension, a conductivity 
effect of normal type was obtained (cf. experiment 24, Appendix, 
p. 223). 

The paradoxical conductivity effect might appear as a conse- 
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quence of viscosity alterations in the aggregating suspension 
since weak aggregation might cause a strong reduction of vis- 
cosity of the suspension so that the ealaphorctic conductivity 
is increased. 


i. The conductivity phenomenon as an expression of polydispcrsive 
coagulation. 

In previous investigations of the aggregation process in dilute 
corpuscle-plasma suspensions by means of the counting method 
(cf. § 40, a., p. 160), the author was able to prove that rouleaux 
formation is a very markedly polydispcrsive coagulation. More- 
over, the author’s observations concerning iso-agglutination proved 
that also the latter is an intensely polydispcrsive coagulation. 

When curves of the conductivity effect are compared with 
coagulation curves (number of particles as axis of ordinates, 
time as axis of abscissae) of a concentrated polydispcrsive system, 
we find a striking similarity, since the steep part of the conduct- 
ivity curve corresponds to beginning coagulation where the 
number of particles decreases rapidly due to real polydispcrsive 
coagulation, while the slightly decreasing last part of the con- 
ductivity curve represents the slow phase of coagulation, a mono- 
dispersive coagulation which indicates the complete disappearance 
of single particles. 

Id. Fricke and S. Morse (133) observed a phenomenon in cream 
which corresponded to the conductivity effect in blood; also 
cream shows a pronounced polydispcrsive coagulation (cf. 
Wicgner-Galccki effect, § 28, p. 75). This observation seems to 
confirm the above interpretation. 


j. The influence of stirring on the ealaphorctic conductivity effect. 

L. Berczcllcr and H. Wastl ' s investigations of the influence of 
shaking and streaming on the sedimentation lest, 1923 (27) and 
1924 (28), and E. Sigman, A. Kolin, L. N. Katz and II. Jochitns 
experiments with flowing blood, 1937 (378), have been mentioned 
above (cf. § 19, p. 49 and § 32, p. 95, respectively). The author s 
coagulation measurements on dilute corpuscle-plasma suspens- 
ions carried out by means of the counting method (cf. § 40, e., 
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p. 167) demonstrated the influence of shaking on aggregation in 
full agreement with Smoluchowski' s interpretation. For a further 
study of these phenomena on whole blood, the conductometrical 
method was found especialty suited. 

When the stirrer was stalled after the measurement of the con- 
ductivity effect, a short-lasting but marked increase in the effect 
appeared during the very first moments, which was followed by 
a rapid increase in conductivity to the initial value. 

With respect to the effect of stirring on the aggregation pro- 
cess, two types of experiments were performed, viz. measure- 
ments of the effect 

I. of a transition from different rale of stirring to complete 
rest, similar to normal coagulation experiments, and 

II. of a sudden transition from the critical rale of stirring 
which produces full dispersion of the erythrocytes to a 
lower rale of stirring. 

Experiments of type I ( cf experiments K 25, K 17, K 26, 
Table K 11, Appendix, p. 224) proved that the effect reached a 
maximum at a certain rapid (critical) rale of stirring and was 
not further increased when stirring was increased. At a lower rale 
of stirring than the critical one, the sleep part of the curve was 
found to be shortened, i. e. aggregation started with a speed 
corresponding to the momcntancous aggregation degree of the 
suspension. 

Experiments of type II (cf. experiments K 27, K 2S, Ii 29, 
Table K 12, Appendix, p. 224) showed that a minimum stirring 
already produced very marked acceleration of the coagulation. 
At a given, relatively low rate of stirring, a considerable increase 
in coagulation and a maximum increase in the degree of aggre- 
gation could be observed. Subsequently, the final degree of 
aggregation decreased even when the initial rate of coagulation 
was further increased. The upper limit of the degree of aggrega- 
tion was determined by the rale of stirring, i. e. dynamical equi- 
librium was attained between conglomeration caused b} r the 
spontaneous tendency to aggregation of the erythrocytes which 
was promoted by particle convection ensueing stirring, and dis- 
aggregation of conglomerates as a consequence of stirring. 
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k. Interpretation of E. Sigman, A. Iiolin, L. N. Katz and K. j 0 . 
chim's experiment on the basis of the author’s own measurements 
In streaming experiments carried out by the mentioned au- 
thors (378) (cf. § 32, p. 95), the degree of aggregation of the 
blood in the container was rather poorly defined because of 
storing for varying time and inconstant stirring. The effects 
measured on flowing blood depended on the aggregation degree 
in the container. In the author’s experiments, the initial state 
was well-defined, since the suspension was monocellular. The 
“electrode effect” observed by Sigman, Kolin, Katz and Jochim 
has neither to do with the electrodes nor with a counteraction 
of the aggregation process by streaming, but can actually be 
explained by the aggregation-promoting effect of slow currents. 
If the corpuscles are almost completely dispersed so that the 
electrode effect is very marked, the effect of streaming must be 
small, since an increased rale of flow can only give rise to a 
splitting of small conglomerates. According to our present know- 
ledge, the reduced “flow effect” during specific haemagglutina- 
lion must presumably be ascribed to a lower degree of aggrega- 
tion in the sample containing serum of another type relative to 
the control sample with normal rouleaux formation. Further- 
more, the lowered electrokinelic potential of the corpuscles due 
to binding of iso-agglutinin plays a minor role (cf. above p. 188 
V. Schroder (373) ). 

/. The influence of the gas content of the blood on the conductivity 
phenomenon. 

Alter the conductivity effect had been measured in the usual 
w r ay on blood which was brought in gaseous equilibrium with 
the atmosphere by slight shaking in a flat dish for c. 10 min., 
the effect was measured on the same sample after saturation 
with expiration air (alveolar air) (cf. experiment K 30, Table 
K 13, Appendix, p. 225). Within the experimental error, no dif- 
ference between the measured effects was found. The change m 
p H is not considerable (from p B c. 8 to p n c. 7). If we assume — 
in agreement with H. A. Abramson and L. Moyer, 1936 (7), and 
G. Hevesy, 1917 (196) — that the charge density of the particles, 
i. e. their number of charges per surface unit, remains constant 
despite the increase in surface, the slight decrease in aggrega- 
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tion due lo the p H variation will be compensated. A saturation 
of the blood with carbon dioxide is unphysiological, since it 
would change the situation completely due to a stronger deform- 
ation of the corpuscles to spherocytes. 

in. Concluding remarks concerning the results of conductometric 
experiments. 

Since the interpretation of the conductivity effect as change in 
catapliorelic conductivity of the suspension due to erythrocyte 
aggregation has proved very useful to explain a number of experi- 
mental facts, we may expect that the charge of the erythrocytes 
is greater Ilian the value calculated by H. A. Abramson and L. 
Moyer (7), ( cf \ § 23, p. 62 and § 36, p. 124). 


D. OTHER EXPERIMENTS. 

§ 44. INVESTIGATIONS CONCERNING A METABOLISM 

HYPOTHESIS. 

According to a theory by N. Rashevsky, 1931/32 (348) and 
1938 (349), the in- or out-diffusing metabolism products of 
animal or vegetabil cells*) can form inhomogeneous fields of 
concentration around the cells in the suspension medium and 
thereby give rise to mutual actions between the cells with resulting 
as well as torquing forces. 

In the. case of spherical and cllijisoidal particles, G. Young, 
1936 (454), and G. Young and J. Reiner, 1937 (455), have given 
an elegant mathematical treatment. However, these calculations 
arc based upon the assumption of an osmotic pressure per sur- 
face element proportional lo the local concentration of the meta- 
bolism products. S. Levine and G. P. Dube, 1939 (252, p. 1137), 
emphasized (cf. the critical remarks of these authors concerning 
a corresponding application by I. Langmuir, 1938 (243) ) that 
this assumption is only admissible if the surface planes are 
permeable lo water and if the water molecules can only jjass 
across the surface planes, but cannot escape as in suspensions 
of discrete particles (cf., furthermore, S. S. Kistler's coagulation 
theory, 1932 (226), § 23, p. 63). For the measurement of forces 

*) As regards the agglutination of yeast cells, cf. N. Nielsen, 1931/33 (295). 

.Torgen E. Tliygcsen. 13 
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between the cells, N. Rashevsky (loc. cit.) suggested kinemaio- 
graphic photographs. 

A number of aerobic and anaerobic metabolism processes 
occur in erythrocytes to a greater or smaller extent, glycolysis 
being the best-known of these processes (cf, E. Lundsgaard, 1933 
(267) ). Without going into further details of N. Rashevsky'% 
theory, we may say the following about erythrocytes. If metabol- 
ism products from the mentioned processes should be of import- 
ance for rouleaux formation by producing an unequal concen- 
tration distribution around the corpuscles, it should be possible 
to affect aggregation by addition to the blood of substances which 
interfer with this metabolism. 

From the investigations of cell metabolism, we know a number 
of chemical compounds which inhibit or promote some of the 
partial processes, completely suppress other processes, or cause 
a transition from aerobic to anaerobic metabolism, and vice 
versa. These effects have therefore been studied partly by addition 
of poisons such as fluoride (cf. Table S 1, Appendix, p. 227), 
cyanide (Table S 2, Appendix, p. 229), azide (Table S 3, Appendix, 
p. 230), carbon monoxide (Table S 4, Appendix, p. 231), and 
monoiodo acetate (Table S 5, Appendix, p. 232), partly by addi- 
tion of substrate in amounts exceeding that normally present in 
the form of glucose (Table S 6, Appendix, p. 233), and finally 
by addition of an intermediary metabolism product as fumaric 
acid (Table 5 7, Appendix, p. 234). (Maleinic acid has not been 
tried). Hydrogen sulfide (Table S 8, Appendix, p. 235) which 
might affect the metabolism in various ways has also been tested. 
The sedimentation lest of a series of blood samples after addition 
of one of the mentioned substances was compared with the sedi- 
mentation test of ordinary oxalate blood. 

In order to saturate blood with carbon monoxide (kitchen gas) 
and hydrogen sulfide, an Erlenmeyer flask was provided with 
in- and outlets, and the flask containing a blood sample was 
filled with the respective gas. After slight shaking of the blood 
along the walls of the flask, a new quantity of the gas was led in, 
etc. A hobbling gas-stream could not be applied because of 
foam formation. The solutions of cyanide, azide, monoiodo ace- 
tate, and fumaric acid contained the usual amount of potassium 
oxalate (20 per cent) as anti-coagulant. The concentration of 
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the solutions was chosen so that addition of 0.1 cc of the solution 
to 8 cc blood (after blood letting) gave the following concentrations 
of the respective substance. 


Potassium cyanide 

Sodium azide 

Potassium monoiodo acetate. 
Potassium monoiodo acetate. 
Glucose, increase of ...... . 

Fumaric acid 


0.0077 molar 
0.001 molar 
0.0001 molar 
0.0002 molar 
0.1 per cent 
0.001 molar 


(Table S 2) 
(Table S 3) 
(Table S 5, sol.I) 
(Table S 5, sol.II) 
(Table 5 6) 
(Table S 7) 


In the case of fluoride which simultaneously acts as an anti- 
coagulant due to its ability to bind calcium, only potassium 
fluoride solutions were applied, viz. 0.1 cc per 8 cc blood. Hence 

Potassium fluoride 0.027 molar (Table S 1). 

All chemicals investigated, except fluoride, were without any 
influence on the sedimentation rale. Fluoride blood showed a 
markedly inhibited sinking relative to control oxalate blood. 

The fact that fluoride suppresses glycotysis cannot be con- 
sidered the cause of the reduced blood sedimentation, as in this 
case the sinking reaction should decrease with decreasing intensity 
of glycolysis. According to IF. A. Engclhardt and U. Ljubimowa, 
1930 (105), the glycolysis intensity in the corpuscles of different 
animal species decreases in the following series, viz. rabbit, 
man, Guinea-pig, horse, dog, goat, ox. This series is not at all 
the same as the sequence of the normal sedimentation rate of 
these animal species. 

For the calculation of the calcium ion concentration of Mood after addition 
of a given amount of a very soluble oxalate or fluoride, the ordinary method 
of the solubility product is inapplicable, since a complete precipitation of the 
slightly soluble salt docs not occur. This was already realized by H. Lcbel, 
1939 (245), who determined the calcium ion concentration in serum by in- 
vestigating the solubility of a slightly soluble calcium salt. Both salts mentioned 
above, calcium fluoride even to a still higher extent than calcium oxalate, show 
a tendency to form supersaturated solutions, so that the respective solubility 
product must be exceeded several times before precipitation occurs. (With 
regard to calcium fluoride, cf. A. Tovborg Jensen, 1937 (212); with regard to 
calcium oxalate, cf. G. Hammarsten, 1928 (174), and K. J. Pedersen, 1939 (326) ). 
The presence of colloids can furthermore promote the formation of supersatur- 
ated solutions. 

13 * 
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At the time being, it is impossible to perform a precise cal- 
culation of the calcium ion concentration, but the greater tendency 
of calcium fluoride to form supersaturated solutions allows us 
to conclude that the calcium ion concentration is greater in 
fluoride than in oxalate blood at the concentrations of the salts 
here applied. With the inhibition of rouleaux formation by 
divalent calcium ions in mente (cf. J. Runnstrom, 1921 (362), 
and Uehara, 1929 (424), § 10, p. 24), we understand the retarded 
sinking reaction of fluoride blood. Owing to the higher calcium 
ion concentration of fluoride blood, the latter gave frequently 
coagulating samples while the same hardly ever occurred with 
oxalate blood. 
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Blood samples crl. Nos. 1 — 11. 


Ordinary blood investigations 

of the oxalate blood samples employed for aggregation experiments and 
conductivity measurements. 


Blood sample 

Used 

in 

exp. 

No. 

Sex 

Hospital 

Dep. 

O £ ~* 

O a 

O 

“Sd % 
O-' S 

y, 

CJ 

*Z3 

"a 

~cr * 
o 5 

tp 

Crt. No., No. 
Date 

Clin. 

Diagnosis 

Case 

Report 

No. 

CD ,2 
o ^3 «-i 

S«p, 

w- 

2*^ E 

■+3 d .-i 

Ut O c 

i 

o 

c 

O 

O P. 
Sh 

d 

a 

th 

a eg 

IsS 

o « 

1. 617 


9 

F. H. 1 ) 






21—1—39 

A 17 

Simple 

Dep. E. 

82 

4.30 

0.95 

n 

3 



anaemia 

amb. 






2. 836 


o' 

R. St. 2 ) 






14—2—39 

A 5-7 

Cancer of 

Dep. Ill 

76 

3.68 

1.03 

B 

19 



esophagus 

No. 13072 






3. 621 


o 

F. H. 






23—2—39 

A 2—4 

Cliron. ar- 

Dep. E. 

76 

4.38 

0.87 


23 5 ) 



tic. rheu- 

amb. 








malism 

No. 1936 






4. 675 


9 

F. H. 






25-2-39 

A 22 

Chron. 

Dep. E 1 

61 

3.80 

0.80 

KEtilfl 



A 1 

artic. 

rheumatism 

No. 5252 






5. 741 


9 

F. H. 






10-6—39 

A 20 

Simple 

Olol. Dep. 

79 

3.98 

0.99 




A 21 

anaemia 

No. 67/1939 






6. 838 

K 3 

d 

F. H. 






12-6-39 

K 12 

Simple 

Dep. E. 

84 

4.70 

0.89 

7 


K 13 

anaemia 

amb. 

No. 3355 






7. 855 


9 

F. H. 




m 


13-6-39 

K 9 

Observ. 

Dep. E. 

94 

5.35 

0.88 

8 



for artic. 

amb. 








rheumatism 

No. 5851 






8. 806 


9 

F. H. 




m 

12 

14-6-39 

K 11 

Pernicious 

Olol. Dep. 

53 

2.03 

1.29 



anaemia 

amb. 






9. 410 

K 6 

o 

F. H. 




EB 

5 

17-6—39 

K 20 

Indurat. 

Dermat. 

86 

5.06 

0.85 


K 21 

tuberculosis 

Dep. 








of leg 

No. 81722 






10. 432 


9 

R. St. 




mm 

24 

21—6—39 

K 1 

Cancer of 

No. 13331 

74 

3.64 

1.01 



cervix 









uteri 







11. 447 

K 10 

9 

F. H. 





55 3 ) 

22—6—39 

A 14 

Articular 

Dep. E. 

76 

4.13 

0.92 


— 15 

rheumatism 

No. 4677 







x ) F. H. = Finsen Hospital. 

2 ) R. St. = Radium Station. 

3 ) Diffuse interface. 
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Blood samples crt. Nos. 12 — 24. 

Ordinary blood investigations 

of the oxalate blood samples employed for aggregation experiments and 
v conductivity measurements. (Contin.) 


Blood sample 
Crt. No., No. 
Date 

Used 

in 

exp. 

No. 

Sex 

Clin. 

Diagnosis 

Hospital 

Dep. 

Case 

Report 

No. 

•2 /-s ** 3 

.a © c 

O P CD 
r=, P O 

q 'd u* ' 

Eg K 

w - 

Erythrocyte 
count in 
inlll/mm 3 

Colour index 

J 

o P< 

§ © 
3-1 
§ 

Sedimentation 
test in mm/hour 
at 20° C. 

12. 

Iv 17 

cf 

F. L. 4 ) 






1 1 — S — 39 

—19 

Healthy 

amb. 

105 

5.38 

0.97 


2 


K 25 









—29 








13. 


cf 

F. H. 1 ) 






1G-8-39 

K 5 

Vincent’s 

Dep. E. 

84 

4.77 

0.88 


88 



angina 

No. 5976 






14. 

K 14 

cf 

F. L. 






1 1-9-39 

—16 

Healthy 

amb. 

100 

4.93 

1.01 


2 

15. 913 


cf 

R. St. 2 ) 






12-10-39 

Iv 2 

Sarcoma of 

amb. 

56 

3.54 

0.71 

10980 

137 



the puhis 

No. 20125 






1G. 757 


cf 

F. H. 






14-10-39 

K 22 

Artrit. de- 

Surg. Dep. 

88 

5.00 

0.88 

6600 

2 



form, of 

amb. 








spine 

No.k/ 16465 






17. 74S 


cf 

F. H. 






1G — 10—39 

Iv 7 

Cervical 

Surg. Dep. 

92 

5.09 

0.90 

7640 

24 



adenitis 

No.k/ 16467 






18. 852 


cf 

F. H. 






18-10-39 

K 8 

Vasomotor. 

Otol. Dep. 

99 

5.20 

0.95 

7800 

4 



rhinitis 

amb. 






19. 827 

Iv 4 

cf 

R. St. 






20-10-39 

Iv 30 

Cancer oT 

amb. 

84 

4.77 

0.88 

6240 

16 



mandible 

No. 20887 






20. 

K 23 

cf 

F. L. 






20-10-39 

—24 

Healthy 

amb. 

107 

5.40 

0.99 

4570 

2 

21. G5G 

A 16 

O 

F. H. 






8-11-39 

A 8-9 

Sequels of 

Otol. Dep. 

90 

4.07 

1.11 

6520 

2 



otitis media 

amb. 






22. 740 

A 19 

9 

R. St. 






10-11—39 

A 12 

Cancer of 

amb. 

86 

4.41 

0.97 

7120 

45 3 ) 


—13 

maxilla 

No. 21473 






23. 452 


cf 

R. St. 






20-11—39 

A 18 

Cancer of 

amb. 

85 

4.31 

0.99 

10200 

17 



tongue, 

No. 18340 








operated 







24. 454 

A 10 

cf 

F. II. 






22—11—39 

—11 

Bronchial 

Dep. E 1 

87 

4.28 

1.01 

4880 

9 



asthma 

No. 5110 







*) F. H. — Finscn Hospital. 

2 ) R. St. = Radium Station. 

3 ) Diffuse interface. 

4 ) F. L. = Finscn Laboratory. 














Experiment A 1. Tables Ala and Alb. 


A. AGGREGATION EXPERIMENTS. 
Experiment A 1. February 25th, 1939. 

Oxalate blood. Sample crt. No. 4. 

Erythrocyte count: 3.80 mill./mm 3 . 

Sedimentation test: 39 mm/hour (diffuse interface) 
Blood-plasma dilution: 1 : 75. 

Temperature: 20 °C. 


Table Ala. 

Comparison of “rouleaux formation” and Smoluchowski coagulation. 



Time 
in sec. 

n 

Zv 

D 

>’s 

r 3 

>’4 

”5 

re 

1 

v 8 

Experiment A 1. 
Smoluchowski 

600 

1498 

735 

575 i 

1 



14 ! 

17 

19 



coagulation .... 

4514 

1498 

929 

575 


82 

32 

13 

5 

D 




»’9 

Vw 

v u 

>’l2 

>’13 

Vu 

>’15 

»’ic 

v n 

v 18 

Experiment A 1 . 

600 

10 

11 

2 

1 | 

2 

2 

0 

2 

i 

0 

Smoluchowski 
coagulation .... 

4514 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Table A 1 b. 



R/r 

calculated from 

Sv and v, 

Rlr 

calculated from 
v 0 and vi 

Rlr 

calculated from 
v 0 and 2 v 

Experiment A 1. ! 

5.3 (T =2756 see.) 

15.4 (T= 980 sec.) 

20.2 (T= 578 sec.) 

Smoluchowski 


1 


coagulation 

2.0 (T=7370 sec.) 

2.0 (T=7370 sec.) 

2.0(T=7370 sec.). 


For the calculation of Rjr in tables A 1 b, A 2 b, A 3, A -4, A 5 a, and A 9 b, the 
plasma viscosity was arbitrarily put to 0.02 Poise at 20 °C. (cf. § 40 a., p. 162), be- 
cause corresponding measurements were not performed. However, the plasma 
viscosity varies to some extent in different blood samples. 
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Experiments A 1 conlin., A 2— A 4. Tables A 1 c, A 2 a. 


Table Ale. 


Number of aggregates of a given size per square. 
(1498 erythrocytes counted in 10 squares). 


Aggre- 

Number of aggregates per square 

Total 

Ave- 

rage 

gate 

n 

2 

3 

4 

5 

6 


8 

9 

10 

ber 

per 

square 

vi 

71 

66 

58 

64 

56 

55 

49 

55 

46 

55 

575 

58 

v 2 

4 

2 

1 

3 

3 

4 

7 

4 

4 

2 

34 

3 

v 3 

1 

1 

0 

0 

2 

2 

1 

2 

4 

3 

16 

2 

v i 

1 

2 

3 

0 

2 

2 

0 

0 

2 

2 

14 

1 

V 6 

0 

0 

1 

2 

1 . 

4 

3 

2 

1 

3 

17 

2 

V« 

3 

1 

2 

2 

1 

3 

2 

1 

3 

1 

19 

2 

I’7 

3 

2 

1 

3 

1 

1 

1 

2 

1 

2 

17 

2 

*’8 

1 

3 

1 

1 

1 

1 

0 

2 

1 

1 

12 

1 

,r 0 

0 

1 

0 

3 

0 

2 

1 

1 

2 

0 

10 

1 

V 10 

0 

0 

3 

1 

2 

1 

4 

0 

0 

0 

11 

1 

V 11 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

2 

0 


0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 


0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

2 

0 

I’ll 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

2 

0 

V 1S 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Vie 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 

0 

v n 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

v O 

149 

134 

147 

172 

122 

158 





1498 

150 

Zv 

85 

78 

71 

80 

69 

75 

69 

69 



735 

73 


Experiments A 2, A3, A 4. February 23rd, 1939. 

Oxalate blood. Sample crt. No. 3. 

Erythrocyte count: 4.38 mill./mm 3 . 

Sedimentation test: 23 mm/hour (diffuse interface) 
Blood-plasma dilution: 1 : 75. 

Temperature 20 °C. 


Table A 2 a. 

Variation in the size of aggregates with time. 


Experiment 

| 

m 

m 

Zv 

m 

v 3 

v i 

n 

v« 

V? 

A 2 

111 

722 

482 

533 

6 

9 

9 

9 

El 

2 

A3 



361 

433 

5 

mm 

13 

7 

■d 

7 

A 4 

Ktslfl 

775 

283 

372 

14 

El 

12 


m 

5 

Experiment 

v 8 

vo 

VlO 

vn 

m 

Vis 

Vl4 

VlB 

Vl8 • 


A 2 

5 

0 

0 

0 

0 

0 

o' 

0 

0 


A 3 

11 

6 

4 

1 

0 

0 

0 

1 

1 


A 4 

7 

5 

3 

2 

0 

1 

1 

0 

1 
























































202 


Experiments A 2— A 4 contin., A 5— A 9. Tables A 2 b, A 3, A A. 


Table A 2 b. 
Experiments A 2—A 4. 


Rjr 

Calculated from 

At the time 

300 sec. 

420 sec. | 

600 sec. 

Zv and Vj 

4.5 

6.1 

6.7 

r 0 and vx 

9.5 1 

15.0 ! 

14.0 

v 0 and Zv 

15.1 

26.2 

23.1 


Experiments A 5, A 6, A 7. February 14th, 1939. 

Oxalate blood. Sample crt. No. 2. 

Erythrocyte count: 3.68 mill./mm 3 . 
Sedimentation test: 19 mm/hour. 

Temperature: 20°C. 

' Table A 3. 


Experiment 

No. 

Time 
in sec. 

Blood-plasma 

dilution 

v t i 


■ 

Rlr 

calculated 
from 
>>! and Tv 

A 5 

435 

1 : 50 

261 

80 

341 ! 

7.1 

A6 

435 

1 : 75 

320 

59 

379 

6.5 

A 7 

435 

1 : 100 ! 

369 

17 

386 1 

2.1 


Experiments A 8, A 9. November 8th, 1939. 

Oxalate blood. Sample crt. No. 21. 
Erythrocyte count: 4.07 mill./mm 3 . 
Sedimentation test: 2 mm/hour. 
Blood-plasma dilution: 1 : 75, 

Temperature 20 °C. 

Table A 4. 


Distribution of particles during “slow” rouleaux formation. 


Experiment 

No. 

1 

t '' 


■ 

Zv 

% v 2, «! 

i 

B 

r 3 

V4 

| 

V 6 j 

>'6 

V 1 

Rjr calculated 
from 

. »>„ and Sv 

A 8 

A 9 


678 

725 

645 

650 

m 

12 

21 

6 

5 

4 

7 

1 

1 

4 

1 

3 

i 

0 

1 

1 

1.5 

1.8 


If the formation of conglomerates occurred according to Smolucbowski, Ejr ealeu 
ated from r 0 and Zv would be somewhat less than the values given, since Sr becom 
greater on account of several less composed aggregates. . . , 

Rjr < 1 is in good agreement with the interpretation of the process investigfl e 
as “slow” coagulation. 
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Experiments A 2, A 4, A 8 — A 15. Tables A 5 a, A 5 b. 


Table A 5 a. 

Relation between sedimentation test and erythrocyte aggregation. 


Experiment 

No. 

Dale 

Blood 

sample 

No. 

Erythro- 
cyte count 
mill. /mm 3 

iBH 



>’o 

Ev 

R/r 

”o 

Ev 

R/r 

A S and A 9 
8—11—39 

21 

4.07 

2 

678 

657 

1.5 

725 

671 

1.8 

A 10 and A 11 
22—11—39 

24 

4.28 

9 

709 

646 

4.3 

763 

576 

7.1 

A 2 and A 4 
23—2—39 

3 

4.38. 

23 1 ) 

722 

533 

15.1 

775 

372 

23.1 

A 12 and A 13 
10—11—39 

22 

4.41 

45 1 ) 

737 

518 

17.9 

790 

328 

29.8 

A U and A 15 
22-6—39 

11 

4.13 

55 1 ) 

684 

463 

21.5 

735 

291 

34.4 


All experiments were carried out with a blood-plasma dilution 1 : 75. 
Temperature: 20 °C. 

Diffuse interface. 


Tabic A 5 b. 

Aggregation distribution at t = 300 seconds. 


Experiment 

No. 

V Q 

n 

Ei' 

B 

>'3 

>’4 

>’6 

B 



»'9 

Do 

'’u 

•’i: 

’'la 

»’ll 

A 8 

678 

645 

657 

6 

4 

1 

1 

0 

0 

0 

0 




0 

0 

A 10 

709 

622 

646 

6 

6 

5 

5 

2 

0 

0 

0 




0 

0 

A 2 

722 

482 

533 

6 

9 

9 

9 

11 

2 

5 

0 




0 

0 

A 12 

737 

460 

518 

9 


11 

9 

8 

6 

5 

0 

1 



0 

0 

A U 

684 

406 

463 

a 



H 

6 

4 

6 

0 

1 

1 

1 

0 

0 
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Experiments A h, A 9, A 11, A 13, A 15—19. Tables A 5 c, A 6. 


Table A 5 c. 


Aggregation distribution at t = 600 seconds. 


Experiment 

No. 


m 

£v 

m 


1 

v 4 : 

D 

V* 


v t 

*1 

A 9 

m 

650 

671 

5 

7 

4 

3 

1 

1 . 

: 

0 

0 

A 11 


525 

576 

8 

9 

6 

11 

9 

4 

2 

2 

Ah 

775 

283 

372 

14 

11 

12 

10 

17 

5 

7 

5 

A 13 

790 

233 

328 

13 

15 j 

10 

12 j 

10 . 

8 

8 

6 

A 15 

735 

205 

291 

■a 

12 

11 

10 1 

11 

8 

7 

7 


Experiment 

No. , 

Q 

vu 

D 

ns 

B 

i 

ns 


n? 

B 


A 9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

A 11 

o 

0 

0 

0 

0 

0 

i 0 

0 

0 

0 

A 4 

3 

2 

0 

1 

SB 

0 

1 

0 

0 

0 

A 13 

4 

3 

2 

2 

H 

1 

j 1 

0 

0 

0 

A 15 

t 

3 

4 

' 

2 

0 

i i 

0 

1 

l 

0 

0 


Table A 6. 


Experi- 

mentNo. 

Date 

Blood 

sample 

No. 

1 

Erythro- 
cyte count 
in 

Sediment- 
ation test 
in 

mm/hour 

Blood- 

plasma 

dilution 

Degree of aggregation 
after 10 min. 
at 

mill/mm 3 

[ 5°C. 

15 °C. 

30°C. 

A 16 
8—11—39 

21 

4.07 

2 

1 : 75 

+ + 

+ 

+ 

A 17 
21—1—39 

1 

4.30 

3 

1 : 75 

+ + + 1 * ) 

+ 

+ 

A 18 
20-11-39 

23 

4.31 

17 

1 : 75 

+ + + 

+ + 

+ 

A 19 
10-11-39 

22 

4.41 

45 a ) 

1 : 75 

+ + + + ! 

+ + + 

+ + 


l ) Cold-agglutinin. 

-) Diffuse interface. 
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Experiments A 20, A 21. Tables A 7, A 8. 


Experiment A 20. June 10th, 1939. 

The mixtures described below were prepared from the original solutions: 

I. Whole blood-plasma dilution 1 : 20 from blood sample crt. No. 5. 

II. Isotonic glucose solution. 

III. Isotonic glucose solution with 1 per cent tylose. 

The degree of aggregation observed after 10 min. is marked with an increasing 
number of plus signs. The final blood dilution was 1 : 100. 


Table A 7. 

Influence of the tylose concentration on aggregation. 


Composition of the suspension 

Degree of aggregation 
after 10 min. 

1) 0.5 

cc 

I. 

+ 

2.0 

cc 

II. 

+ 

0.0 cc 

III. 

+ 

2) 0.5 

cc 

I. 

+ 

l.G 

cc 

II. 

+ 

0.4 cc 

III. 

+ + 

3) 0.5 

CC 

I. 

+ 

1.2 

CC 

II. 

+ 

0.8 cc 

III. 

+ + 

4) 0.5 

cc 

I. 

+ 

0.8 

CC 

II. 

+ 

1.2 cc 

III. 

+ + + 

5) 0.5 

cc 

I. 

+ 

0.4 

cc 

II. 

+ 

1.6 cc 

III. 

+ + + 

G) 0.5 

cc 

I. 

+ 

0.0 

CC 

II. 

+ 

2.0 cc 

III. 

+ + + + 


Experiment A 21. June 10th, 1939. 

I. Undilutc oxalate blood (sample crt. No. 5). 

II. 5 cc blood + 1 cc isotonic glucose solution. 

III. 5 cc blood + 1 cc isotonic glucose solution with 0.5 per cent tylose. 

IV. 5 cc blood + 2 cc isotonic glucose solution. 

V. 5 cc blood + 2 cc isotonic glucose solution with 0.5 per cent tylose. 


Table A S. 

Sedimentation rate of blood with and without tylose. 


Time 

Sedimentation rate in mm of the mixture No. 

in min. 

I. 

II. 

in. 

IV. 

v 

• 


0 

0 

0 



8 

— 

— 

— 

— 

3 


— 

— 

2 

_____ 

— 

13 

— 

— 

31 

— 

10 

15 

1 

1 


11 

— 

18 

— 

— 



211 

23 

— 

— 

11 

— 

38 

28 

— 

— 

10 

— 

55 

33 

11 

H 

23 

ii 

71 

38 

— 


291 


87 

43 

— 

— 

37 

— 

99 

48 

— 

— 

44 

— 


53 

— 

— 

50” 

— 



2 

2 

59 

21 

114 


Extrapol. time of aggregation ca. 17 ca. 11 min. 
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Experiments A i', A 22. Tables A 9 a, A 9 b. 


Experiment A 22. February 25th, 1939. 

Blood sample crt. No. 4. 

Erythrocyte count: 3.80 mill. /mm 3 . 

Sedimentation test: 39 mm/hour (diffuse interface). 

Blood-plasma dilution: 1 : 75. 

Time: 000 sec. 

Temperature: 20°C. 

Experiment A 22 was performed during slight shaking of the suspension. In 
Table A 9 a, particle countings of this sample are compared with countings of-experi- 
ment A 1 which was carried out on the same blood sample and under the same 
conditions, however, without shaking of the suspension. 


Table A 9 a. • 



1 y ° 

Ev 

f j-, 

Vn 

>' 3 

»'4 

»’ 6 


1 >- 7 

1 V g 

»'» 

v 10 

| Vll 

Experiment A 1 
(without shaking) 

149S 

735 

575 

34 

16 





12 

10 

11 

2 

Experiment A 22 
(with shaking) 

1513 

383 

201 

28 

13 





17 

12 

10 

6 



•’l2 

r 13 

»'l« 

»’IB 

»'ie 

>’l7 

>’18 

>’1D 

'’20 

>’21 


: 

23 

V 24 


Experiment A 1 
(without shaking) 

1 

2 

2 

0 

2 

1 

0 

0 





0 

0 

Experiment A 22 
(with shaking) 

5 

7 

i 

5 

3 

2 

1 

1 



1 

l 

l 

0 


Tabic A 9 b. 



R/r 

calculated from 

Ev and 

7?/r 

calculated from 

Ev and r 0 

Experiment A 1 

5.3 

20.2 

(without shaking) 

(T = 2756 sec.) 

(T = 578 sec.) 

Experiment A 22 

11.7 

72.5 

(with shaking) 

(T = 1263 sec.) 

(T = 203 sec.) 





























B. CONDUCTIVITY MEASUREMENTS. 

Determination of the cell constant 1 ). 

Conductivity cell I. 

Nj 10 potassium chloride solution. 

Temperature 24°.90 C. 

Frequency 2000 cycles. 

Adjustment A r = 100 Z — 50 <f> — 0°. 

Measurement Z = 50.3 (<f> = + 1°.3). 

C = y.W = 0.01286 ■ 50.3 • 100/50 = 1.3632. 
log C = 0.13456. 

Conductivity cell II. 

A 7 / 10 potassium chloride solution. 

Temperature 24°.90 C. 

Frequency 2000 cycles. 

Adjustment N — 100 Z — 50 <£ = 0°. 

Measurement Z — 58.0 ($ = + 1°.2). 

C = x.W = 0.01286 • 58.0 • 100/50 = 1.4918. 
log C = 0.17371. 

The potassium chloride solution was prepared as described by L. Michadis, 
“Praktikum der pliysikalischen Chemic (insbesondere der Kolloidchemie fur Medi- 
ziner und Biologen)”, 3rd Ed., Jul. Springer, Berlin 1926 (p. 145). 

Potassium chloride (pro ctnalysi, Kahlbaum) was ignited slightly and cooled in 
a desiccator; 7.44 g were dissolved in 1 1 “conductivity water”. The specific con- 
ductivity of the solution 0.01286 at 24°90 C was found by interpolation between 
0.01143 at 19°C and 0.01288 at 25°C. (These values were taken from L. Michaelk, 
loc. cit.). 

The cell constant was checked before every series of experiments; the values given 
above were found to be constant during all experiments. (A J B. no platinizing of the 
electrodes.) 


Experiments K 1, K 2. 


Experiment 

No. Date 

Blood 

sample 

crt.No. 

Erythro- 
cyte 
: count 
in 

I mill/mm 3 

i 

Sediment- 
ation 
test in 
mm/hour 
at 20 °C. 

Conduct- 
ivity cell No. 

! 

Tempera- 
ture in 
°C. 

Frequency 
in cycles 

Initial im- 
pedance in 
ohms and 
phase angle 
in degrees 

K 1 

21—6—39 


3.64 

24 

I. 

24°.90 


216.2 

+1.0 

K 2 

12—10—39 

15 

3.54 

137 

ii. 

24°. 90 

! 


177.3 
+ 1.0 


In Tables K 1 — K 13, the time t is given in seconds; Ax is the change in specific 
conductivity in ohm— 1 cm— 1. 


*) For the performance of. the measurements and the significance of the magnitudes 
N, Z, </>, C, and IF, cf. § 42 b, p. 173. 
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Experiments K 1, K 2. Table K i. 

Table K 1. 

(cf. Figs. A 2 and A 3). 


Experiment No. K 1 


Experiment No. K 2 


(h 

h 

/ 3 ) 

t 

10= x 

—10 Z A% 

t 

10 3 x 

—10 *Ay. 

0 

0 

0 

0 

6.305 

■ 

0 

8.414 

0.000 

1,5 

2 

2 

2 

6.257 


2 

8.355 

0.059 

6 

6 

6 

6 

6.225 

■ ■ 

3 

8.316 

0.098 

18 

18 

17 

18 

6.193 

|||||ff «fjj 

7 

8.269 

0.145 

41 

42 

41 

41 

6.161 

Bfc | V 

13 

8.226 

0.188 

75 

75 

74 

75 

6.129 

luE i 

23 

8.182 

0.232 

120 

121 

120 

120 

6.097 


37 

8.139 

0.275 

130 

131 

130 

130 

6.091 

ipppy 1 

59 

8.097 

0.317 

142 

143 

142 

142 

6.084 

0.221 

97 

8.053 

0.361 

180 

181 

180 

180 

6.065 

0.240 

143 

8.011 

0.403 

(191 

192 

191) 

191 

6.059 

0.246 

194 

7.968 

0.446 







240 

7.585 

0.829 
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Experiments K 1 — K 5. 


- *0*6 ft 



The cataphoretic conductivity of blood samples crt. Nos. 10 and 15 (experiments 
Nos. Ill and K2). 

Ordinates: A v. change in specific conductivity (ohm— 1 cm— l). 

Abscissae: time in seconds. 


Experiment 
No. Date 

Blood 
sample 
crt. No. 

Erythro- 

cyte 

count 

in 

mill/mm 3 

Sediment- 
ation 
test in 
mm/hour 
at 20 °C. 

Conduct- 
ivity cell No. 

Tempera- 
ture in 
°C. 

Frequency 
in cycles 

Initial im- 
pedance in 
ohms and 
phase angle 
in degrees 

K 3 

12—6—39 

6 

4.70 

n 

I. 

24°.90 

2000 

184.8 
+ 1.3 

K 4 

20—10—39 

19 

4.77 

B 

II. 

24°. 90 

2000 

■SEfll 

K 5 

16—8—39 

13 

4.77 

B 

II. 

24°. 90 

2000 

216.0 
+ 1.2 
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Experiments K 3—K 5. Table K 2. 


Table K 2. 
(cf. Fig. A A). 


Experiment No. K 3 

Experiment No. K A 

Experiment No. K 5 

t 

10 3 Y. 

— 10 3 ^y. 

t 

10 3 v. 

— 10 3 Ay. 

t 

10 3 x 

— 10 3 Ay. 

0 

I 


0 

7.196 


0 

6.907 

0.000 

3 



2 

7.138 

0.058 

1 

6.834 

0.073 

8 


mmm 

4 

7.105 


2 

6.795 

0.112 

19 

7.271 

0.106 

8 

7.072 

0.124 

4 

6.755 

0.152 

30 

7.256 

0.121 

13 

7.040 

0.156 

6 

6.715 

0.192 

47 

7.241 

0.136 

24 

7.007 

0.189 

8 

6.677 

0.230 

58 

7.234 

0.143 

38 

6.975 


10 

6.639 

0.268 

70 

7.228 

0.149 

58 

6.944 

0.252 

14 

6.601 

0.306 

98 

7.220 

0.157 

88 

6.914 

0.282 

22 

6.563 

0.344 




154 

6.880 

0.316 

33 

6.526 

0.381 




225 

6,849 

0.347 

80 

6.465 

0.442 







130 

6.438 

0.469 







190 

6.418 

0.489 


-tc’atc 



The cataphoretic conductivity of blood samples crt. Nos. 6, 19 and 13 (experi- 
ments Nos. K 3, K A and K 5). 

Ordinates: Ay, change in specific conductivity (ohm— 1 cm— l). 

Abscissae: time in seconds. 


14 * 
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Experiments K 6, K 7. 


Experiment 
No. Date 

Blood 
sample 
crt. No. 

Erythro- 

cyte 

count 

in 

mill/mm 3 

Sediment- 
ation 
test in 
mm/hour 
at 20 °G. 

Conduct- 
ivity cell No. 

Tempera- 
ture in 
°C. 

o* w 

o o 
&& 
s = 

Initial im- 
pedance in 
ohms and 
phase angle 
in degrees 

K 6 

17-6-39 

9 

5.06 

5 

I. 

24°.90 

2000 


K 7 

16-10-39 

17 

5.09 

24 

II. 

24°. 90 

2000 

■ 

1 


•n*AK 



The cataphoretic conductivity of blood samples crt. Nos. 9 and 17 (expenmen 
Nos. K 6 and K 7). 

Ordinates: A % change in specific conductivity (ohm— l cm— l). 

Abscissae: time in seconds. 
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Experiments K 6 — K 9. Tables K 3, Ii 4. 

Table K 3. 

(cf. Fig. A 5, p. 212). 


Experiment No. K 6 

Experiment No. K 7 

t 

10 3 Y. 

— 10 3 Ay. 

t 

10 3 y. 

— 10 s Ay 

0 

7.441 

0.000 

0 

7.378 

0.000 

3 

7.395 

0.046 

1 

7.340 

0.038 

7 

7.356 

0.085 

2 

7.308 

0.070 

15 

7.317 

0.124 

3.5 

7.277 

0.101 

26 

7.278 

0.163 

4.5 

7.246 

0.132 

47 

7.240 

0.201 

6 

7.215 

0.163 

85 

7.201 

0.240 

9 

7.184 

0.194 

96 

7.194 

0.247 

12.5 

7.154 

0.224 

109 

7.186 

0.255 

19 

7.124 

0.254 

126 

7.179 

0.262 

28 

7.094 

0.284 

155 

7.171 

0.270 

44 

7.064 

0.314 

249 

7.163 

0.278 

100 

7.007 

0.371 




200 

6.979 

0.399 


Experiment 
No. Date 

Blood 
sample 
crt. No. 

Erythro- 

cyte 

count 

in 

mill/mm 3 

Sediment- 
ation 
test in 
mm/hour 
at 20 °C. 

Conduct- 
ivity cell No. 

Tempera- 
ture in 
°C. 

Frequency 
in cycles 

Initial im- 
pedance in 
ohms and 
phase angle 
in degrees 

K 8 

18—10-39 

18 

5.20 

4 

; 

II. 

24°.90 


219.0 
+ 1.0 

K 9 

13—6—39 

■ 

5.35 

8 

I. 

24°.90 


184.6 

+1.0 


Table IC 4. 

(cf. Fig. A 6, p. 214). 


Experiment No. K 8 


Experiment No. K 9 


i 

10 3 Y. 

—10* Ay. 

t 

10 3 x 

— 10 3 Ay. 

0 

6.812 

1 

0 

7.385 


1 

6.750 


0.5 

7.301 


3 

6.690 

1 

1.5 

7.262 

1 

5 

6.660 

• 

4 

7.223 


9 

6.630 

1 

11 

7.186 


20 

6.601 

1 

25 

7.148 


48 

6.572 


45 

7.111 


100 

6.549 

0.263 

81 

7.074 


133 

6.543 

0.269 

161 

7.038 

fSXtUK \ ' 

165 

6.537 

0.275 




200 

6.531 

0.281 




300 

6.529 

0.283 
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Experiments K 8—K 11. 

K 



The cataphoretic conductivity of blood samples crt. Nos. 18 and 7 (experiments 
Nos. K 8 and K 9). 

Ordinates : A y. change in specific conductivity (ohm— 3 cm— 3 ). 

Abscissae: time in seconds. 


Experiment 
No. Date 

Blood 
sample 
crt. No. 

Erythro- 
! cyte 
count 
in 

mill/mm 3 

Sediment- 
ation 
test in 
mm/hour 
at 20°G. 

Conduct- 
ivity cell No. 

Tempera- 
ture in 

°c- 

Frequency 
in cycles 

Initial im- 
I pedance in 
! ohms and 
phase angle 
in degrees 

K 10 
22—6—39 

11 

4.13 

55 1 ) 

I. 

24°.90 | 

1 

2000 

144.0 
+ 1.1 

K 11 
14-6-39 

8 

2.03 

12 

; 

I. 

24°.90 

2000 

mm 


J ) Diffuse interface. 
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Experiments K 10, K 11. Table K 5. 

Table K 5, 


(cf. Fig. A 7). 



Fig. A 7. 

The cataphoretic conductivity of blood samples crt. Nos. 11 and 8 (experiments 
Nos. K 10 and K 11). 

Ordinates: A y. change in specific conductivity (ohm— l cm— 1). 

Abscissae: time in seconds. 
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Experiments K 3, K 12, K 13. Table K 6. 


Experiment 
No. Date 

Blood 

sample 

crl.No. 

Erythro- 

cyte 

count 

in 

mill/mm 3 

Sediment- 
ation 
test in 
mm/hour 
at 20 °C. 

Conduct- * 
ivitv cell No. 

Tempera- 
ture in 

o r> 
vi. 

Sii 

o p 

3 

C* « 
o _ 
u C 
r. 

Initial im- 
pedance in 
ohms and 
phase angle 
in degrees 

K 3 

G 

4.70 

7 

I. 

21°. 90 

2000 

184.8 

12-G-39 







+1.3 

K 12 

o l ) 

3.85 

9 

I. 


2000 

212.4 

1 2-0-39 







+1.3 

K 13 

o J ) 

3.85 

80 

I- 


2000 

212.0 

12-0-39 







+1.4 


*) 45 cc whole blood + 10 cc isotonic glucose solution. 

5 ) 45 cc whole blood + 10 cc isotonic glucose solution with 0.5% lylosc. 


Table K 0. 


(cf. Fig. A S, p. 217). 


Experiment No. A' 3 

Experiment No. A' 12 

Experiment No. A' 13 


10 3 y. 

— 10 3 2ly. 

l 

10 3 y. 

— 10 3 ^ly. 

t 

10 s y. 

— 10 J dx 

n 



0 

0.418 


0 

0.430 

0.000 

n 


0.032 

2 

6.380 

B 1 9 

1 

0.3G3 

0.007 

21 



G 

0.351 

i 1 1 2 

2 

0.330 

0.100 

mi 

■ ■ 

0.100 

14 

0.318 


3 

0.299 

0.131 

E3 


■ ■ 

33 

0.288 

0.130 

5 

0.209 

0.101 

47 

7.241 


73 

0.257 

0.101 

9.5 

0.237 

0.193 

58 

7.234 

■ 

159 

0.220 

0.194 

24 

0.190 

0.240 

mum 

7.228 

0.149 




30 

0.178 

0.252 

98 

7.220 

0.157 




37 

0.160 

0.264 







51 

0.149 

0.281 







141 

0.070 

0.360 
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Experiments K 3, K 12, K 16. 



Fig. A 8. 

The cataphorelic conductivity of the undilute blood sample crt. No. 6 (exp. No. 
K 3), after addition of isotonic glucose solution (exp. No. K 12) and after addition 
of isotonic glucose solution +tylose (exp. No. K 13). 

Ordinates: A y. change in specific conductivity (ohm— l cm- 1). 

Abscissae: time in seconds. 


Experiment 
No. Date 

Blood 
sample 
crt. No. 

Erythro- 

cyte 

count 

in 

mill/mm 3 

Sediment- 
ation 
test in 
mm/hour 
at 20 °C. 

Conduct- 
ivity cell No. 

Tempera- 
ture in 
°C. 

Frequency 
in cycles 

Initial im- 
pedance in 
ohms and 
phase angle 
in degrees 

K U 
11—9—39 

14 1 ) 

4.93 

2 

II. 

24°.90 

2000 

224.7 
+ 1.0 

K 15 
11-9-39 

14 2 ) 

4.93 

0.2 

II. 

24°.90 

2000 

123.0 
+ 1.5 

K 16 
11—9—39 

14 3 ) 

4.93 

0.6 

II. 

24°,90 

2000 

129.0 
+ 1.5 


*) Blood type A. 

2 ) 50 cc whole blood — 5 cc plasma +5 cc 5% sodium chloride solution. 

3 ) 50 cc whole blood— 25 cc plasma + 5 cc 5% natrium chloride solution + 
20 cc test serum type B; agglutinin titre 1 : 64. 
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Experiments K 14— K 19. Table K 7. 


Tabic K 7. 

(c/. Fig. A 9, p. 219). 


Experiment No. K 14 

Experiment No. K 15 

Experiment No. K 10 

I 

10 3 v. 

— 10 3 Ax 

t 

10 3 v. 

— 10»/lx 

t 

10 3 X 

—lOMx 

0 

G.G39 

l 1 

0 

mm 

0.000 

0 

Ill 

0.000 

1 

G.G03 

-w 

30 

EHfl 

0.000 

I 


0.018 

2 

G.573 


100 

12.128 

0.000 

2 


0.035 

4 

6.544 


200 

12.128 

0.000 

3 

11.510 

0.054 

G 

G.514 

0.125 




4 

11.493 

0.071 

8 

G.485 

0.154 




5 

1 1 .470 

0.088 

12 

G.457 

0.182 




G 

11.458 

0.100 

IG 

6.429 

0.210 




7 

11.440 

0.124 

21 

G.401 





8 

11.423 

0.141 

2G 

G.373 

■SSIm 




10 

11.405 

0.159 

34 

G.345 





13 

11.388 

0.170 

100 

G.24G 

0.393 




23 

11.370 

0.194 

200 

G.212 

0.427 




GO 

11.353 

0.211 







100 

11.353 

0.211 







2 00 

11.353 

0.211 


Experiment 
No. Date 

Blood 

sample 

crt.No. 

Erythro- 

cyte 

count 

in 

mill/mm 3 

Sediment- 
ation 
test in 
mm/hour 
at 20°C. 

Conduct- | 
ivity cell No. j 

Tempera- 
ture in 
°C. 

Frequency 
in cycles 

Initial im- 
pedance in 
ohms and 
phase angle 
in degrees 

K 17 

1 1-8-39 

12 

5.38 

2 

»• 

24 °.90 


234.3 

+1.0 

K IS 
11—8—39 

12 1 ) 

2.69 

19 

n. 

24°.90 

2000 

144.0 

+1.0 

K 19 
11-8-39 

12=) 

1.35 

35 

n. 

24 °.90 


115.7 
+ 1.2 


*) 25 cc whole blood +25 cc plasma. 
2 ) 25 cc 1) 4-25 cc plasma. 
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Experiments IC 15 — K 19. Table K 8. 


■ n't* , t0 ‘ aK 



The cataphoretic conductivity of blood sample crt. No. 14 as whole blood (exp. 
No. K 74) after addition of hypertonic sodium chloride solution (exp. No. K 15), 
and after addition of salt solution+an agglutinating test serum (exp. No. K 16). 
Ordinates: A ■/. change in specific conductivity (ohm— l cm— i). 

Abscissae: time in seconds. 


Table K S. 

( cf : Fig. A 10, p. 220). 


Experiment No. Ii 17 

Experiment No. K 18 

Experiment No. K 19 

t 

10 3 Y . 

—10 3 Ay. 

t 

10 3 x 

—10 s Ax 



—10 3 Ax 

0 

6.367 


0 

10.360 


0 

12.894 

0.000 

2 

6.340 

1 

3 

10.221 


2 

12.783 

0.111 

4 

6.305 

■ 

6 

10.131 


6 

12.744 

0.150 

6 

6.272 


18 

10.046 


15 

12.708 

0.186 

8 

6.238 

1 

48 

9.962 

0.398 

31 

12.674 

0.220 

11 

6.204 


125 

9.876 

0.484 

49 

12.653 

0.241 

15 

6.171 





80 

12.637 

0.257 

19 

6.139 

1 




132 

12.621 

0.273 

25 

6.106 








38 

6.074 

0.293 







60 

6.042 

0.325 







190 

5.975 

0.392 
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Experiments K 6, Ii 17 — K 21. 


M. 



Fig. A 10. 

The cataphoretic conductivity of Mood sample crt. No. 12 as whole blood (exp. 
No. K IT), blood-plasma dilution 1 : 2 (exp. No. K 18), and blood-plasma dilution 
1 : 4 (exp. No. K 19). 

Ordinates: A v. change in specific conductivity (ohm— 1 cm— 1 ). 

Abscissae: time in seconds. 


Experiment 
No. Date 

Blood 
sample 
crt. No. 

Erythro- 

cyte 

count 

in 

mill/mm 3 

Sediment- 
ation 
test in 
mm/hour 
at 20 °C. 

Conduct- 
ivity cell No. 

Tempera- 
ture in 
°C. 

Frequency 
in cycles 

Initial im- 
pedance in 
ohms and 
phase angle 
in degrees 

K 20 
17-6-39 

9 

5.06 

5 

I. 

37°.60 

2000 

14S.0 

-fl.l 

K 6 

17—6—39 

9 

5.06 

5 

I. 

24°.90 

2000 

183.2 

+1.1 

K 21 

17—6—39 

9 

5.06 

5 

I. 

11°.20 

2000 

249.6 
+ 1.0 
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Experiments K 6, K 20, K 21. Table K 9. 

Table K 9. 
Ccf. Fig. A 11). 


Experiment No. K 20 

Experiment No. K 6 

Experiment No. K 21 

t 

10 3 y. 

—10 3 Jy. 

t 

10 3 y. 

—10 3 Ay. 

t 

10 3 Y. 

—10 3 Ay. 

0 

9.211 

— 

0 

7.441 

M 




4 

9.146 

M 

3 

7.395 


8 

5.379 


8 

9.084 


7 

7.356 


18 

5.344 

0.118 

17 

9.024 

0.187 

15 

7.317 


35 


0.153 

34 

8.963 

0.248 

26 

7.278 



5.275 

0.187 

60 

8.903 


47 

7.240 


145 

5.241 

0.221 

190 

8.843 

0.368 

85 

7.201 








96 

7.194 

0.247 







109 

7.186 

0.255 







126 

7.179 

0.262 







155 

7.171 

0.270 







249 

7.163 

0.278 





A 



The cataphoretic conductivity of blood sample crt. No. 9 at 37°,60 C. (exp. No. 
K 20), at 24°, 90 C. (exp. No. K 6), and at 11°,20 C. (exp. No. K 21). 

Ordinates: A v. change in specific conductivity (ohm— i cm -1 ). 

Abscissae: time in seconds. 
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Experiments K 22— K 24. 


Experiment 
No. Date 

Blood 
sample 
crt. No. 

Erythro- 

cyte 

count 

in 

mill/mm 3 

Sediment- 
ation 
test in 
mm/hour 
at 20°C. 

Conduct- 
ivity cell No. 

Tempera- 
ture in 

° c - 

Frequency 
in cycles 

Initial im- 
pedance in 
ohms and 
phase angle 
in degrees 

K 22 

14—10—39 

16 

5.00 

2 

II. 

24°.90 

2000 

224.4 

+ 1.1 

K 23 

20-10—39 

20 

5.40 

2 

II. 

24°.90 

2000 

236.1 

+ 1.2 

K 24 

20—10—39 

20 l ) 

2.70 

18 

II. 

24°. 90 

2000 

144.9 

+1.3 


1 ) 25 cc whole bIood+25 ec plasma. 





The cataphoretic conductivity of blood samples crt. No. 16 (exp. No. ^ 
and crt. No. 20 (exp. No. K 23). 

Ordinates: A •/. change in specific conductivity (ohm -1 cm” 1 ). 

Abscissae: time in seconds. 
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Experiments K 22— K 24. Table K 12. 


Table K 10. 

(cf., Figs. A 12, p. 222 and A 13). 


Experiment No. K 22 

Experiment No. K 23 

Experiment No. K 24 

1 

10 3 y. 

10 3 Ay 

t 

10 3 y. 

10 3 Ay. 

t 

10 3 y. 

— 10 3 Ay. 

0 

6.648 

+ 0.000 


6.318 

1 

0 

10.295 

1 (tl+effl® 

1 

6.678 

+0.030 


6.345 


4 

10.156 


2 

6.708 

+0.060 


6.415 

+ 0.097 

10 

10.071 


3 

6.738 

+0.090 


6.487 

+0.169 

25 

9.985 


4 

6.769 

+0.121 


6.451 

+ 0.133 

61 

9.902 


6 

6.708 

+0.060 


6.415 

+ 0.097 

189 

9.818 


7 

6.678 

' +0.030 

11 

6.381 

+ 0.063 




9 

6.648 

0.000 

15 

6.345 

+0.027 




13 

6.619 

—0.029 

20 

6.318 

0.000 




19 

6.589 

—0.059 

27 

6.292 

—0.026 




30 

6.560 

—0.088 

44 

6.257 

-0.061 




51 

6.531 

—0.117 

83 

6.225 

-0.093 




S2 

6.503 

-0.145 

191 

6.191 

—0.127 




129 

6.475 

—0.173 







179 

6.447 

—0.201 








•K’AM 



Fig. A 13. 

The cataplioretic conductivity of blood sample crt. No. 20, diluted with equal 
parts of plasma (exp. No. K 24). 

Ordinates: A v change in specific conductivity (ohm— l cm -1 ). 

Abscissae: lime in seconds. 
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Experiments K 11, K 25-K 29. Tables K 11 , K 12. 


Experiment 
No. Date 

Blood 

sample 

crt.No. 

Erythro- 

cyte 

count 

in 

mill/mm 3 

Sediment- 
ation 
test in 
mm/hour 
at 20 °C. j 

Conduct- 1 
ivitycellNo. 

Tempera- 
ture in 
°C. 

Frequency 
in cycles j 

Initial im- 
pedance in 
ohms and 
Phase angle 
in degrees 

K 17 and 

K 25—29 
11—8—39 

12 

5.38 

2 

II. 

24°.90 

1 

2000 

234.3 
+ 1.0 


Table K 11. 


First experiment 
at the transition from 
to 

K 25 
338 

0 

K 17 
266 

0 

K 26 
204 

0 

jrot./min. 

10 3 % 

— 10 3 Ay. 

t 

t 

t 

j -10 3 Ay. 

6.367 

6.340 

6.305 

6.272 

6.238 

6.204 

6.171 

6.139 

6.106 

6.074 

6.042 

5.975 

0.000 

0.027 

0.062 

0.095 

0.129 

0.163 

0.196 

0.228 

0.261 

0.293 

0.325 

0.392 

0 

2 

4 

6 

8 

12 

16 

20 

26 

39 

61 

0 

2 

4 

6 

■.? 

15 

19 

25 

38 

60 

190 

0 

2 

5 

9 

13 

20 

33 

53 

185 

0.000 

0.034 

0.068 

0.101 

0.133 

0.166 

0.198 

0.230 

0.297 


Table K 12. 


Second experiment 

K 27 

■K 28 

K 29 


at the transition from 

266 

266 

266 

\ , . 


to 

100 

164 

204 j 

>rot./min. 

10 3 x 

—10 3 Ay. 

| t 

' # 1 

t 


6.367 

! 0.000 

0 

0 

o 


6.272 

i 0.095 



5 


6.042 

0.325 

3 

7 




it was^ not measured ' any 6 further. ? SCC ’ reSpectivel - v ’ the efTect continued, however, 

constant ^ e ^ ect . cease ^ after 6 see, since the conductivity became again 
and he nL In f < i ame ? ° Ut ,n su ^equence of K 29, only stirring was stopped. 
Ad KM TfZ ^ C0I i d r UCthity was regarded as origin. 

origin the cur^ofTo^ ^ ^ IS draWn with (- 1Q3 A * = °- 0 ^, and / = 6 sec) as 
curve of A overlaps completely with the last part of K 17. 
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Experiments K A, K 30. Table K 13. 


Experiment 
No. Date 

Blood 

sample 

crt.No. 

Erythro- 

cyte 

count 

in 

mill/mm 3 

| Sediment- 
ation 
test in 
mm/hour 
at 20 °C. 

Conduct- 
ivity cell No. 

Tempera- 
ture in 
°C. 

a 'll 

2 >> 

2 c 
b — 

Initial im- 
pedance in 
ohms and 
phase angle 
in degrees 

K A 

20—10—311 

10 1 

i 

4.77 

10 

H. | 

24°. 00 

2000 

Wm 

K 30 

20-10-39 

19 1 ) 

•1.77 

15 

II. 1 

i 

24 °.00 

2000 

■ 


l ) blood sample saturated with alveolar air. 


Table K 13. 


Experiment No. 

~K~A 

Experiment No. 

K 30 

t | 

10 3 y. j- 

— 10 3 Ay. 

1 

10 3 y. | 

1 

— 10 3 Ay. 

o i 

7.10G 1 

0.000 

0 

7.207 j 

0.000 


7.138 1 

0.058 

2 

7.148 : 

0.050 

4 1 

7.105 t 

0.001 

4 

7.115 i 

0.002 

8 i 

7.072 ! 

0.124 

8 

7.082 j 

0.125 

13 ! 

7.040 ; 

0.15(5 

M 

7.040 l 

0.158 

24 j 

7.007 ; 

0.1 SO 

24 

7.017 j 

0.100 

3tS i 

G.075 

0.221 

30 

6.085 

0.222 

58 

(5.044 

0.252 

GO 

(5.053 ! 

0.254 

88 

0.014 

0.282 

01 

(5.022 | 

0.285 

154 

G.S80 

0.3 1 0 

150 

6.800 i 

0.317 

225 

i 

(5.840 

1 

0.347 


1 

I 



The curve of exp. No. 1\ 30 overlaps practically that oT exp. No. A' A shown in 
Fit,’. .1 •'/, p. 211. 


.Torcon K. Thype-m. 


15 



















C. INVESTIGATIONS CONCERNING N. RASHEVSKY’S METABOLISM 

HYPOTHESIS. 


Composition of the solutions. 


Solution 


Quantity 
in grams 

H 2 0 dist. 

Molarity 1 ) 

Table 

Page 

Potassium fluoride . 

KF, 2H,0 

10.23 

1 ad 

50 

8 

0.027 

S. 1 

227 

Potassium cyanide . 

K,Co 04,H 2 0 

KCN 

10 

2 

ad 

50 

g 

0.0077 

S. 2 

229 

Sodium azide 

KoCo0 4 ,H™0 

NaN 3 

10 

0.26 

ad 

50 

g 

0.001 

S. 3 

230 

Potassium mono- 
iodo acetate I . . . 

K.2C2O4, h 2 o 

JCHLCOOK 

10 

0.089 

ad 

50 

g 

0.0001 

i 

S. 5 

( 

232 

Potassium mono- 
iodo acetate II . . . 

k,c 2 o 4 ,ieo 

JCH 2 COOK 

10 

0.178 

0 ad 

50 

g 

0.0002 

S. 5 

232 

Glucose 

k 2 c 2 o 4 ,h 2 o 

c 6 h 12 0 6 

10 

8 

ad 

50 

g 

increase 

0.1% 

S. 6 

233 

Fumaric acid 

K 2 G 2 0 4 ,H 2 0 

C404H4 

10 

0.464 

ad 

50 

g 

0.001 

S. 7 

234 


Oxalate blood saturated with carbon monoxide (Kitchen gas) . S. 4 231 
Oxalate blood saturated with hydrogen sulfide S. 8 235 


1 ) Molarity with respect to the salt after addition of 0.1 cc of the solution to 8 cc 
blood. 










Blood samples crt. Nos. 25 — 36. 


Table S 1. 

Comparison of the sedimentation tests of oxalate blood and fluoride blood. 








Sediment- 


o r 


dt: 

a e 

n 

£ S 
&6 

Vi 

ation test of 

a c « 

O O -5 

CD p 

0.3 

3“ 

o o 

Q & 



oxa- 

fluor- 

d sai 

No., 

Date 

G O 

3 1 

* * © 

•"5 o ^ 

ft w 

55 c3 

C-0 G o 
o rt 

S 2 U 

8 a 

u 

P 

late 

blood 

ide 

blood 

si ~ « 

(D C j 

X " < 

S 

O 

O ft 

3 o 

oo 

g c* ft 
rt ft 

HH ft 
ft 

& g 

rvj p 

i— i Q 

o 

o 

u 

mm/1 hour 
at 20 °C 

ft ° 

St! 4- 

|Q 8 S 







A 

B | 


25. 625 

9 

F. H. 1 ) 

i 






9-2—39 

Chronic 

Dep. E I 

71 

4.01 

0.90 

65 s ) 

25 

40 


bronchitis 

No. 3101 





(5 — 34 4 ) 


26. 615 

cf 

F. H. . 







9—2—39 

Pott’s 

Dep. E. I 

52 

— 

— 

40 3 ) 

5 

35 


disease 

No. 4894 





(5— 22 4 ) 


27. 690 

9 

R. St. 2 ) 







9—2—39 

Cancer of 
uterus 

No. 19745 

35 

1.92 

0.91 

19 3 ) 

coag. 

— 

28. 682 

9 

R. St. 







10-2-39 

Cancer of 
the breast 

No. 19788 

79 

4.57 

0.85 

16 

3 

(3 — 7 4 ) 

13 

29. 653 

cf 

F. H. 






10-2-39 

Colitis 

Dep. E I 
No. 5158 

93 

5.26 

0.89 

3 

1 

2 

30. 697 

9 

R. St. 

62 

3.30 

0.94 

42 3 ) 

2 

40 

10—2—39 

Cancer of 
rectum 

No. 19751 




(2 — 13 4 ) 



31. 698 

cf 

F. H. 







10—2—39 

Cervical 

Dermat. 

99 

4.33 

1.14 

5 

2 

3 


eczema 

Dep. 

No. 70568 







32. 776 

9 

F. H. 







11—2—39 

Arthritis 

Dep. E I 

77 

3.70 

1.04 

44 3 ) 

16 3 ) 

28 


deformans 

No. 4249 







33. 786 

cf 

F. H. 







11—2—39 

Arthrit. 

Dep. E I 

— 

— 

— 

16 

4 

12 


def. of 
spine 

No. 1544 







34. 781 

cf 

F. H. 







11—2—39 

Simple 

Dep. E I 

72 

— 

— 

85 

68 

17 


Anaemia 

No. 5133 







35. 710 

9 

F. H. 







14—2—39 

Influenza 

Dep. E 
No. 402F 

88 

— 

— 

4 

2 

(2 — 3 4 ) 

2 

36. 720 

9 

F. H. 






14—2—39 

Chilblain 

Dermat. 

Dep. 

No. 79280 

88 

4.57 

0.97 

4 

2 

2 


4 ) F.H. = Finsen Hospital. 
2 ) R.St. = Radium Station. 


3 ) Diffuse interface. 

4 ) Bloody, diffuse. 
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Blood samples crt. Nos. 37 — 47 . 


Table S 1 (Contin.) 

Comparison of the sedimentation tests of oxalate blood and fluoride blood 










— 







Sediment- 


cd r 
o 

cw 

.2 *55 


G ,g 

CS 

® g 

X 

ation test of 


g* 

Q a 

O O B 



oxa- 

fluor- 

g= £ 

§ r 3 
w 0 c5 

^ g 

73 « 6 

h— < C J aj 

g)C y 

2 B 


late 

| ide 

££l 

■tiZQ 

$ Q 
e/2 


C ^ CD 

, g 

3 

blood 

blood 

A 

. c C 

Si'S*. 

O 

V) CS 

o u 

“ n c< 

C3 M 

& S 
w 5 

'o 

mm/1 hour 

« o 

K 

HH 

O 

a 

at 20 °C 

OSS 







1 A ! 

B 1 


37. 740 

9 

F. H. 1 ) 







14-2—39 

Bronchitis 

Dep. E I 

85 

— 

— 

20 

3 

17 



No. 5161 





(3— 18 4 ) 


38. 745 

$ 

F. H. 







15—2—39 

Grave’s 

Dep. El 

71 

— 

— ] 

7 ! 

7 

'0 


disease 

No. 5178 







39. 880 

9 

F. H. 







15-2-39 

Diabetes 

Dep. E I 

89 

i 

— 

5 

3 

2 

: 

mellitus 

No. 4306 

1 


i 




40. 889 

Cf 

F. H. 







15-2-39 

Ischias 

Dep. E I 
No. 5190 

111 

— 

— 

2 

2 

0 

41. 455 

• 9 

F. H. 






3 

16-2-39 

Anaemia 

Dermal. 

72 

— 

— ! 

7 

4 



Dep. 

No. 73083 





(4-12 4 ) 


42. 435 

9 

F. H. 






9 

16-2—39 

Rheuma- 

Dep. E I 

85 

4.58 

0.92 

12 

3 


toid ar- 
thritis 

No. 3913 







43. 500 

9 

F. H. 






2 

16-2—39 

Cervical 

Dep. E I 

81 

4.56 

0.89 

4 

2 


adenitis 

No. 3820 







44. 450 

9 

F. H. 





31 3 ) 

10 

16—2—39 

! Cervical 

Surgical 

74 

3.88 

0.94 

41 3 ) 


| adenitis 

Dep. 

No. 15423 







45. 445 

9 

F. H. 




ll 3 ) 



16—2—39 

Prurigo 

Dermat. 

Dep. 

No. 79121 

93 

3.87 

1.20 

coag. 




46. 440 

9 

R. St. 2 ) 







16-2—39 

Cancer of 

No. 12722 

76 

4.50 

0.85 

7 

3 



the orbit 






(3— 7 4 ) 


47. 421 

17—2—39 

c? 

Fissure 

F. H. 

Dep. E I 

90 

4.40 

1.02 

7 

3 

4 


in-ano 

No. 5183 








1 ) F. H. = Finsen Hospital. 

R. St. = Radium Station. 


3 ) Diffuse interface. 

4 ) Bloody, diffuse. 









Blood samples crt. Nos. 48 — 57. 


Table S 2. 

Comparison of the sedimentation tests of oxalate blood and cyanide blood. 


or 


at 

G G 

n 

a g 

S G 

r— 

ki 

o 

^3 

C 

Sediment- 
ation test of 

between 
mentation 
f A and B 

d samp 
No., N( 
Date 

2 .2 
.55 t/i 

G O 

G2 G 

O g) 

Hospital De 
Case Repo 
No. 

ooc 

CD G o 
o rt 

E2 2 

oxa- 

late 

blood 

cyan- 

ide 

blood 

O 

o 

3 a 

o5 

C/3 

2 a & 

>— l 
p-H s 

*■« 5 

M 3 
w o 

o 

U 

mm/1 hour 
at 20 °C 

Diff. 
sedi 
test c 







A 



48. 794 

0 

F. H. 1 ) 



■ 




27—2—39 

49. 

Rheum- 

atoid 

arthritis 

O 

Dep. E I 

No. 4249 
F. H. 




37 3 ) 

37 3 ) 

0 

27—2—39 

50. 737 

Furuncu- 

losis 

O 

Dermat. 

Dep. 

No. 79675 
F. H. 

90 

4.30 

1.04 

18 2 ) 

19 3 ) 

—1 

28-2-39 

51. 726 

Mental 

Depress- 

ion 

O 

Dep. E I 
No. 5262 

F. H. 

81 


■ 

5 

6 

i. 

—1 

28-2-39 

52. 848 

Rheum- 

atoid 

arthritis 

o 

Dep. E I 
No. 5252 

F. H. 




44 3 ) 

48 3 ) 

—4 

28-2-39 

53. 788 

Nervous 

disease 

o 

Dep. E I 
No. 5265 
F. H. 

82 



8 

9 

—1 

28—2—39 

54. 721 

Earlier 

syphilis 

o 

Dep. E I 
No. 5233 
F. H. 

87 


■ 

5 

5 

0 

28—2—39 

55. 896 

Vitamin 

deficiency 

9 

Dep. E I 
No. 5155 
R. St. 2 ) 



B 

8 

8 

0 

1—3—39 

56. 856 

Melanotic 
cancer of 
leg 
cf 

No. 18777 

R. St. 

74 



43 3 ) 

45 3 ) 

—2 

1—3—39 

57. 881 

Cancer of 
nose 

O 

No. 9308 

R. St. 

82 

3.99 

1.02 

25 3 ) 

25 3 ) 

0 

1—3—39 

Cancer of 
uterus 

No. 19928 

88 


B 

10 

11 

—1 


*) F. H. = Finsen Hospital. 

2 ) R. St. = Radium Station. 

3 ) Diffuse interface. 












Blood samples crt. Nos. 58—67. 
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n . Table S 3. 

Comparison of ,„e sedimen.a.ion ,esls of osiUa.e Mood and sodiam ^ 


E z 

re . oj 
05 ore 
tj 'ZO 
o 

O 


o '£• c 

MC § 

2 n 
C T3 t- 
S f-5 O) 

“rep, 

►SW 

H C. 


Sediment- 
ation test of B 
oxa- sodium S 
late azide ~ 

Mood blood 

fflm/1 hour fc: 
at 20 °C 5 



10-3—39 


61. 511 

10—3—39 


62. 521 
10—3—39 

63. 541 
10—3—39 


R. St. 2 ) 

No. 18107 71 

R. St. 

No. 19932 6( 

[ 

F. H. 1 ) 

Dermat. 82 
Dep. 

No. 80050 
R. St. 

No. 19738 59 



64. 546 
10—3—39 

65. 538 
10—3—39 

66. 635 
10—3—39 


67. 586 

11—3—39 


9 

Cancer of 
rectum 

9 

Tumour of | 
the breast 

O' 

Pustulous 

eczema 

9 

Cancer of 

cervix 

uteri 

cf 

Cancer of 
auricle 

cT 

Tumour 
of palate 
9 ] 

Cancer of ] 

maxilla 
9 1 

Polypus l 

uteri 

9 I 

Choroi- C 

ditis I 


sedimentation 
test of A and TS 
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Blood samples crt. Nos. 68 — 75. 


Table S 4. 

Comparison of the sedimentation tests of oxalate blood and blood saturated with 

carbon monoxide. 


Blood sample 

Crt. No., No., 

Date 

Sex Clinical 
Diagnosis 

Hospital Dep. 

Case Report 

No. 

Haemoglobin 
(Haldane) in 
per cent 

Erythrocyte 
count in mm 3 

Colour index 

Sediment- 
ation test of 

Diff. between 
sedimentation 
test of A and B 

oxa- 

late 

blood 

carbon 
monox- 
ide blood 

mm/1 hour 
at 20 °C 

A 

B | 

68. 514 

9 

F. H. 1 ) 







22—2—39 

Rheum- 

Dep. E I 

68 

3.76 

0.91 

71 

70 

1 


atoid 

No. 4091 








arthritis 








69. 524 

9 

F. H. 







22—2—39 

Asthenia 

Dep. E I 

80 

3.90 

1.03 

18 

18 

0 



No. 5223 







70. 519 

9 

F. H. 







22—2—39 

Grave’s 

Dep. E I 

87 

4.92 

0.89 

3-5 

3 — 5 5 ) 

0 


disease 

No. 5004 




£ ) 



71. 

cf 

R. St. 2 ) 







22—2—39 

Hodg- 

No. 19335 

49 

3.36 

0.73 

50.64 

50-72 

—8 


kin’s 





4 ) 

4 ) 



disease 








72. 

9 

R. St. 







22—2—39 

Cancer of 

No. 19815 

82 

3.78 

1.08 

3 

3 

0 


cervix 









uteri 








73. 

cf 

F. H. 







22—2—39 

Rheuma- 

Dep. E I 

72 

4.76 

0.77 

18 s ) 

18 3 ) 

0 


toid ar- 

No. 4438 








thritis 








74. 

cf 

R. St. 







22—2—39 

Cancer of 

No. 18668 

98 

5.17 

0.95 

3 

3 

0 


tonsil 








75. 

cf 

F. H. 







22—2—39 

Diabetes 

Dep. E I 

98 

— 

— 

10 

11 

—1 


mellitus 

No. 5221 








1 ) F. H. = Finsen Hospital 3 ) Diffuse interface, 

2 ) R. St. = Radium Station. 4 ) Bloody, diffuse. 

5 ) Slightly diffuse. 















Blood samples erf. Nos. 76 — 85. 


Table S. 5. 

Comparison of the sedimentation tests of oxalate blood 
and potassium monoiodo acetate blood. 


o r 



c c 

W 

«U g 


Sediment- 1 

ation test of 

d samp 
No., N< 
Date 

2 .22 
in 

a o 
;=} C 

" o 

Q a 
q . 

*3 « o 

Haemoglob 
(Haldane) 
per cent 

& E 

S c 

.5 

oxa- 

late 

potassium monoiodo' 
acetate blood 

a 

— X 

•s.g 

'B ,r " 


blood 

i. i ii. 

O 4J 

3 o 

3 Q 

CO 

£ C3 

Lj t-J 

w o 
u 

O 

O 

mm/1 hour 
at 20 °C 







1 A 

1 B | C 


76. 624 

9 

R. St. 2 ) 

I 

1 






B 

c 

29—3—39 

Tumour 
of ovary 

No. 20066 

53 



24 2 ) 

25 3 ) 

24 3 ) 

-1 

0 

77. 629 

9 

R. St. 









29—3—39 

Cancer of 
the 

uterus 

No. 20016 

1 

52 



86 3 ) 

70 3 ) 

86 3 ) 

16 

0 

78. 619 

9 

R. St. 







1 

1 

29-3-39 

Cancer of 

cervix 

uteri 

No. 19902 

60 

3.66 

0.82 

20 

19 

19 





79. 638 

$ 

F. H. 1 ) 




I 


11 

0 

I 

0 

29—3—39 

Stenocar- 

Dep. E I 

85 

— 

— ! 

11 

11 


dia Nerv- 
ousness 

No. 5470 









80. 612 

9 

F. H. 






14 


0 

29—3—39 

Arthritis 

Dep. E I 

90 

1 

— 

14 ‘ 

12 

2 


def. of 
kneejoint j 

No. 5466 : 









81. 754 

C? 

R. St. 





8 

8 

0 

0 

31—3—39 

Cancer of 
the lung 

No. 19591 

82 

5.09 

0.80 

8 





82. 774 

9 

R. St. 





90 

103 


-10 

31 -3 30 

Cancer of 
uterus 

No. 17473 

59 




93 

3 







83. 759 

C? 

R. St. 





82 3 ) 

75 3 ) 

7 

10 

31—3—39 

Hodg- 

No. 19335 

55 

3.17 

0.87 

85 3 ) 
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Blood samples crt. Xos. 86 — 95. 


Table S. 6. 

Comparison of Hie sedimentation tests of oxalate blood 
and oxalate blood +glucosc. 
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Blood samples crt. .Vos. 96—iOG. 

Table S. 7. 


Comparison of the sedimentation tests of oxalate blood 
and oxalate blood -f-fumaric acid. 
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Blood samples crt. Nos. 107 — 112. 


Table S. 8. 

Comparison of tire sedimentation tests of oxalate blood 
and oxalate blood -f- hydrogen sulfide. 
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SUMMARY. 


Introduction. The significance of a combination of theory and 
experiment for the treatment of biological problems is emphasized. 

Section I. Blood sedimentation in general. 

§ 1. Some features from the history of blood sedimentation 
with special regard to the aggregation phenomenon are discussed. 

§ 2. The difference between rouleaux formation and other 
erythrocyte aggregations is elucidated by a discussion of various 
types of real agglutination, Thomsen- Friedcnrcich's phenomenon, 
clustering together of red blood corpuscles in media which are 
poor in electrolytes, etc. 

§§ 3 — 8. On the basis of Stokes’ formula, the influence of a 
number of physical magnitudes on blood sedimentation is dis- 
cussed ( c . g. shape, size, specific gravity, aggregation, concentrat- 
ion of the erythrocytes, and viscosity of plasma and of whole 
blood). § 6 deals moreover with the correction of the sinking 
reaction for variations in the erythrocyte concentration, and § 8 
contains some remarks concerning, the aggregation promoting 
effect of cmulsoids. 

§§ 9 — 13 deal with the influence of the blood (plasma) com- 
position as regards proteins, electrolytes, lipoids, gases, and some 
other substances. 

§ 14 gives a description of the effect of temperature, and 

§ 15 that of shaking on blood sedimentation. 

§ 16. In view of the significance of the erythrocyte surface 
for the aggregation process, a number of recent investigations 
concerning the structure of erythrocytes are mentioned. 

§ 17. Since the disc shape of the erythrocytes is a condition 
for rouleaux formation as an orientated aggregation, the effect 
of various suspension media on the shape of erythrocytes is 
discussed. 

§18. The literature on special erythrocyte aggregation the- 
ories mentioned in the survey represents a very heterogeneous 
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material of rather differing value; some of the theories are only 
of historical interest. On account of the role which eataphoretic 
measurements play in experimental investigations of coagulation 
phenomena, this part of the blood sedimentation literature is 
described in detail. According to the author’s opinion — which 
is in contradistinction to the interpretation of Hober’s school — - 
especially the discovery of a parallelism between erythrocyte 
charge and sinking reaction is of essential significance. 

§ 19. The performance of sedimentation tests and an inter- 
pretation of the shape of the sinking reaction curve are outlined 
in brief. 

Section II. A survey of the colloid physical problems which 
are of importance for the understanding of the mechanism of 
the sinking reaction. 

§ 20 gives a detailed discussion of Stokes' formula with re- 
gard to its application to blood sedimentation. 

§ 21. The influence of the walls of the vessels on the move- 
ment of falling particles and particles which move between 
piano-parallel planes is discussed. 

§ 22 contains an outline of the theory of the Brownian move- 
ment of spherical and ellipsoidal particles and, moreover, the 
formulas for their principal resistance coefficients to translation 
and rotation. 

§ 23 describes different theories of the electric double layer 
of colloidal particles with special regard to H. A. Abramson and 
L. Moyer's calculation of the erythrocyte charge and to the pres- 
ent author’s new aggregation theory. 

§ 24 exhibits a survey of the most important principles of 
coagulation measurements. 

§ 25 describes the elements of the real coagulation theory, 
especially the “critical potential theory” and H. Muller's hypo- 
thesis concerning the variation of the thickness of the electric 
double layer, and a number of other theories. 

§ 2(5. A classification is given of different types of coagulat- 
ion (rapid and slow, peri- and orlhokinetic coagulation, etc.) 
according to G. Wiegner. 

§ 27. The basis of M. v. Smoluchowski’s mathematical coa- 
gulation theory and the most essential literature dealing with 
its experimental application are described. 
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§ 28. H. Muller's theory of the perikinetic coagulation of poly- 
dispersive systems is discussed. 

§ 29. P. Tuorila’s work on orthokinetic coagulation is out- 
lined in brief. 

§ 30 comprehends M. v. Smoluchowski's and H. Muller’s 
theories of streaming-coagulation. 

§ 31. H. Muller’s theory of the coagulation of non-spherical 
particles, and G. Wiegner and C. E. Marshall’s experiments are 
described. 

§ 32. A systematic discussion of the coagulation measure- 
ments which have been applied to blood corpuscle suspensions. 
Reference is also made to various phenomena which might be 
empk> 3 r ed for this purpose. ( G . Wiegner’ s suspension effect, H. 
Frickc's and others’ observations concerning changes in con- 
ductivity of the blood). 

Section III. The author’s theoretical investigations. 

§ 33. The application of Smoluchowiki's coagulation theory to 
the problem of intercorpuscular attraction is elucidated by a 
mathematico-phvsical interpretation of the concept “action 
radius”. By the solution of a more general diffusion problem 
than Smoluchowski’s (viz. Brownian movements under the effect 
of an external force, i. e. diffusion with convection), and by a 
new solution of Smoluchowski’s simultaneous differential equations 
for the number of particles, his formulas are reproduced and 
they only contain a new constant action radius. Hence, it has 
been possible to express the action radius by intercorpuscular 
forces which — in suitable cases — should be determinable by 
means of the method described in the following paragraph. If 
coagulation forces and action radius are determined on one and 
the same suspension, the calculated and the experimentally found 
action radius may be compared. 

§ 34 describes the theory of the author’s method of direct de- 
termination of coagulation forces. By kinemalographic photo- 
graphs of the movements of a pair of particles and by a measure- 
ment of the centre-line, the force function may be determined 
on the basis of the fundamental laws of mechanics. The influence 
of Brownian movements is eliminated by the study of numerous 
pairs of particles. The method can only be applied to systems 
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wilh fnr-range intercorpuscular forces. The results of.§§ 33 and 
:\x Jiave been published recently (J. E. Thygescn, 1939 (415)), 

< 35 contains an elementary derivation of the formula for the 
mean square of the displacement of ellipsoidal particles. By 
means of the formulas derived in § 22 for the resistance coefficients 
of ellipsoids, numerical examples for a given ellipsoid and, 
moreover, the equivalent radius of the ellipsoid are calculated. 

jj 36. After a systematic discussion of the theory of the electric 
conductivity of suspensions, the possibilities for the appearance 
of a time-dependent change in conductivity are considered. Two 
possibilities arc found to be of importance for the explanation 
<>i later experimental investigations. 1) Inclusion of the suspension 
medium within the conglomerates (“plasma occlusion”). 2) A 
change in the cataphoretic conductivity of the suspension due to 
aggregation. Finally, an approximate calculation of the cataplior- 
elie conductivity of the blood is outlined. 

S 37 deals with the thcorelico-physical investigation of the so- 
called “orientation effect”. The results of this investigation have 
been published recently (J. E. Thygescn, 1939 (414) ). For a 
suspension of homogeneous ellipsoids, where the particles and 
the suspension medium show different specific conductivities, 
a change in electric conductivity with lime has been assumed. 
This change should be caused by an orientation of ellipsoids 
due to a rotation momentum, viz. the pondoromolivc action of 
the electric field on ellipsoids. The effect is calculated for ellipsoids 
of revolution, only. By an orientation of the ellipsoids with their 
major axes parallel to the electric lines of flow, the conductivity 
effect is greatest and becomes least in the case of random orient- 
ation. For the calculation of the electric momentum of rotation act- 
ing upon an ellipsoid of revolution, Fiirlh's formula maybe applied 
which holds with the assumption of quasislationary stales. For the 
counteracting friction, we use Edumrdcs' formula. By means of a 
method which is analogous to that employed by Debye for polar 
molecules, a partition function is calculated which describes the 
orientation of the ellipsoids under the influence of an arbitrary 
electric field and of the Brownian molecular movements. Finally, 
and in agreement with H. Frickc, a formula for the conductivity of 
the suspension is derived assuming a given direction distribution of 
the ellipsoids of revolution which allows us to determine the con- 
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ductivity at a given time and to follow its change with time. 
In the case of completely haphazard direction distribution of 
the ellipsoids, the conductivity formula is identical with that 
derived by H. Fricke. 

In a constant field, the conductivfiy is time-dependent and 
approximates a new constant value after a certain period (time 
of relaxation). This new constant value deviates somewhat from 
the value which corresponds to an equal distribution of directions. 
In the case of alternating potentials whose periods are low com- 
pared with the time of relaxation, the change in conductivity 
(orientation effect) is found to depend in a simple way on the 
change in conductivity during constant potential. 

In suspensions where the conductivity of the ellipsoids is many 
times greater than that of the suspension medium, considerable 
effects may be obtained. If the conductivity of the suspension 
medium is many times greater than that of the particles (e. g. in 
blood), we find almost no effect. For very small particles, the 
effect becomes always negligibly small. 

§ 38. On account of the technical difficulties involved by the 
direct measurement of forces (theory, § 34; experiments, § 41), 
which the author did not succeed in surmounting, a new theory 
of the attraction between blood corpuscles is outlined in a form 
which makes exact malhematico-physical calculations possible. 
It is the author’s intention to publish these very complicated 
investigations in a work to come. 

In a mechanical system consisting of particles between which 
attractive forces are active, we find a van der Waals' cohesion 
pressure. Independent of whether the attractive forces are electric 
forces or are of another nature, the equilibrium state can be 
calculated by means of W. Thomson s electrostatic minimum 
principle. In the case of erythrocytes, the forces are assumed to 
be electrostatic Coulomb forces which, due to the tendency of 
Debye- Milner's ionic atmosphere to attain central symmetry, 
compel the equally charged blood corpuscles to aggregate. 

The author’s aggregation theory is in agreement with the paral- 
lelism between erythrocyte charge and aggregation tendency and 
it offers a complete explanation of the resulting type of conglom- 
eration (rouleaux formation) and of the influence of electrolytes 
and viscous substances upon the aggregation process. 
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Section IV. The author’s experimental investigations. 

A. Aggregation experiments. 

§ 39 describes the preparation of the blood sample for the 
experiment, the photographic arrangement, the performance of 
the experiments, and the sources of error in the technique em- 
ployed. 

§ 40. On the basis of counting-aggregation experiments ad 
modum Smoluchowski, the characteristic distribution of the sizes 
of aggregates is elucidated. The coagulation is not monodispersive 
as originally assumed by E. Ponder. It is proved that rouleaux 
formation is a very intense polydispersive coagulation in which 
two- and threefold particles already act as nuclei of coagulation. 
The aggregation promoting effect of the polydispersivity is de- 
monstrated by measurements on blood with varying sedimentation 
test. 

As regards the temperature dependence of aggregation, it has 
been proved that the aggregation tendency decreases slowly with 
increasing temperature. The general view that this process in- 
creases with increasing temperature must presumably be ascribed 
to observations in slightly heated preparations (currents!). 

In studies of the effect of emulsoids on rouleaux formation, 
tylose (methyl cellulose) has been employed, a substance which 
has not been applied earlier to this purpose. The degree of ag- 
gregation increases with increasing concentration of tylose and, 
moreover, the sinking reaction is also increased. 

The influence of shaking on aggregation is found to be in 
agreement with Smoluchowski's interpretation. On the basis of 
these aggregation experiments, the possibility for orthokinetic 
coagulation during blood sedimentation is discussed. A number 
of phenomena exclude this type of coagulation which is not 
especially investigated in the present paper. 

§ 41 describes filming of rouleaux formation. These experi- 
ments are an excellent supplement to the direct microscopical 
observation of red cell suspensions frequently applied during 
the present work. On account of erythrocyte sedimentation it has 
not been possible (until the conclusion of the present thesis) 
to surmount the technical difficulties involved in the direct 
measurement of coagulation forces. 
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B. Conductivity measurements. 

§ 42 contains a description of the author’s special conducto- 
metric device and the application of the apparatus. 

§ 43. The change in conductivity of blood after stirring, 
streaming, etc. found by H. Friclce and others is for the first 
lime utilized rationally as a measure of coagulation. 

The independence of the conductivity effect of sedimentation 
and the close relation to rouleaux formation are shown. An 
’’orientation effect” cannot be demonstrated in the case of blood 
(cf. % 37). The relation between conductivity effect and blood 
sedimentation, erythrocyte concentration, and temperature is in- 
vestigated. The conductivity effect is an expression for poly- 
dispersive coagulation. The experiments on the influence of stirr- 
ing may elucidate streaming-coagulation which plays a great 
part in blood corpuscle suspensions. Small variations in the 
carbon dioxide content of the blood are without any influence 
on the conductivity effect. 

When the conductivity phenomenon is interpreted as a change 
in cataphorclic conductivity of the blood, it becomes possible to 
give theoreticalty agreeing explanations for all conductivity ex- 
periments performed. Consequently, the author assumes that the 
electric charge of erythrocytes must be greater than communicated 
by H. A. Abramson and L. Moyer. 

C. Metabolism hypothesis. 

§ 44. N. Rashevsky is of the opinion that the metabolism 
products of the cells can give rise to mutual effects of forces 
(between the cells) due to a formation of inhomogeneous fields 
of concentration in the suspension medium. Initialed by this 
hypothesis, the author investigates these circumstances in the case 
of red blood cells with a negative result. A number of metabolic 
poisons are added to the blood and the sedimentation rale is 
compared with that of control oxalate blood. 

The Appendix contains tables and curves which illustrate the 
present investigations. 
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MAIN RESULTS. 

Experimental. 

I. The proof that ’’rouleaux formation” is an intense poly- 
dispersive coagulation in which already two- and threefold part- 
icles act as nuclei of coagulation. 

II. Development of a method of measuring coagulation by 
means of conductivity determinations. This method is based 
upon the change in calaphoretic conductivity during rouleaux 
formation. 

Theoretical. 

III. An extension of SmoluchowskV s mathematical coagulation 
theory which now includes arbitrary intercorpuscular forces. 

IV. A method of direct measurement of coagulation forces. 

V. A malhematico-physical treatment of the so-called ’’orient- 
ation effect”, i. e. the change in electric conductivity of a suspens- 
ion of non-spherical particles which orientate in an electric field. 

VI. An outline of a new theory concerning rouleaux formation 
of red blood corpuscles and an account for attractive forces 
between the equally charged blood corpuscles. 
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persons for several months, the animals did not develop tuber- 
culosis. Gaiseb (28) failed to produce tuberculosis in calves by 
means of pure cultures of tubercle bacilli from man, and the same 
result was obtained somewhat later by Fuotiungiiam (27) and 
Dinmiddie (23). This problem was studied with especial care by 
Theobald Smith (112— 113), who reported extensive investi- 
gations in 1898. He pointed ouL differences between the bacilli 
isolated from man and from cattle. They differ not only in their 
morphological and cultural characters, but also in their pathogenic 
properties toward various animal species. Human tubercle bacilli 
arc incapable of finding a fooLhold in the bovine body, but bovine 
tubercle bacilli may pass to the human subject, owing to their 
greater pathogenicity for man. According to Smith’s opinion, it 
was therefore necessary to differentiate between two different 
forms of bacillus tuberculosus mammalium, viz. tubercle bacilli 
of the human and of the bovine type. 

These investigations apparently did not arouse very much 
attention. The old view that tuberculosis in man and in cattle was 
caused by one and the same virus was still held rather generally. 
On the other band, all the more interest was excited when R. Koch 
(58) gave a report of his experiments in collaboration with Schutz 
at the International Congress on Tuberculosis held in London in 
1901, which confirmed Theobald Smith’s conclusions. Tuberculin 
negative cattle bad been infected in different ways with tubercle 
bacilli cultivated from man. Some of the cases got the tubercular 
sputum of consumptive patients direct. In some cases the tubercle 
bacilli or the sputum was injected under the skin, in others into 
the peritoneal cavity, and in others into the jugular vein. Six 
animals were fed with tubercular sputum almost daily for seven 
or eight months: four were repeatedly made to inhale large numbers 
of tubercle bacilli, which were distributed in water and scattered 
with it in the form of spray. None of the experimental animals 
showed any signs of disease, nor did the post-mortem examination 
6— S months later reveal any evidence of tuberculosis in the internal 
organs. Small suppurative foci containing tubercle bacilli were 
found only at the site of inoculation. But as similar foci were also 
observed after the injection of dead tubercle bacilli, the ani- 
mals had thus proved themselves to be insusceptible. Quite 
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different results, however, were obtained when similar experiments 
were made with tubercle bacilli cultivated from cattle. No matter 
in what way the infection took place, the animals shortly after- 
wards developed extensive tuberculosis. Some of the animals 
succumbed already after 1—2 months, tile others were slaughtered 
in a wretched condition after an interval of 3 months. At autopsy 
extensive tuberculous changes were found in all cases not only 
at the site of inoculation and in the adjacent lymph nodes but 
also in the internal organs, especially the lungs and the spleen. 
Thus the experimental animals had proved themselves to be as 
susceptible to bovine infection as they had been insusceptible to 
human. As exactly the same results were obtained in further 
experiments on swine, asses, sheep and goats, Koch justly consi- 
dered that he was in a position to make the following pronoun- 
cement: »I feel justified in maintaining that human tuberculosis 
differs from bovine, and cannot be transmitted to cattle*. The 
next statement made by Kocii, which, among other things, was 
based on the rare occurrence of primary intestinal tuberculosis 
in the autopsy material of children from Berlin, created, however, 
a great deal of controversy: »I should estimate the extent of 
infection by the milk and flesh of tubercular cattle, and the butter 
made of their milk, as hardly greater than that of hereditary 
transmission, and I therefore do not deem it advisable to take any 
measures against it». In the following discussion, Lister, Nocard, 
Bang, Sims Woodiiead, Me Fadyean and Crookshank declared 
that they were not convinced that bovine tuberculosis was not 
dangerous to man, and seriously warned against relaxing the cam- 
paign against tuberculosis in cattle. Koch’s point of view met 
with contradiction also in Germany, especially by Behring (9). 

This discussion resulted in investigators all over the whole 
devoting their energy and interest to the solution of this problem. 
In England the British Royal Commission on Tuberculosis was 
appointed, which presented a report of its results in 1911. In Ger- 
many the question v r as studied at the Kaiserliche Gesundheitsamt 
and in America at the Department of Health in New York. Their 
observations were published in 1908 and 191k respectively. All 
these investigations, extending over many years, furnished conclu- 
sive proof that tuberculosis in warm-blooded animals can be 
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produced by 3 different types of tubercle bacilli, distinguishable 
from each other in their cultural and infectious properties, vi?. 
the human, the bovine and the avian. 

As far as man is concerned, these three types of bacilli play a 
very different role. The avian bacilli are by far the least important, 
and it is very doubtful whether they are pathogenic for man. Cases 
of avian tuberculosis in man have, however, been described. Thev 
are nevertheless extremely rare and not always quite convincing, 
as appears from the critical reviews by Gasul (30), Branch (13), 
Tcu.ocn (121) and Gervois (31). On the other hand, there is no 
doubt whatever as to (he infcctiosity of the bovine tubercle bacilli, 
which are capable of producing all the different manifestations 
of tuberculosis in man originating from human infection. They are, 
however, of decidedly less importance than the human tubercle 
bacillus, which is the commonest cause of human tuberculosis. 

Bovine tuberculosis nevertheless occurs in man much more 
frequently than is generally supposed. Thus, with regard to condi- 
tions in Great Britain Savage (108) wrote in 1934 »that about 6 per 
cent of all deaths from tuberculosis are caused by the bovine type 
of the tubercle bacillus; that about 2,000 deaths, mostly in children, 
occur annually from infections with the bovine tubercle bacillus; 
that at least 4.000 fresh cases of bovine infection occur each year. 
The majority do not die, but the infection results in severe crippling 
and other serious illnesses, causing much suffering and invalidity to 
the individuals and great expense to the community in an effort 
to cure Ihcnift. Remarkably high figures are also recorded by 
L. Lange (62). who stales that bovine tubercle bacilli were found 
in 13.5 per cent of 1,165 typed cases of tuberculosis in man in 
Germany (up to 1036), in 26 per cent of 1,226 cases in Scotland 
(1932), in 10 per cent of 436 cases in Canada (1932) and in 4 per 
cent of 100 cases in Japan (1932). van deu IIoeden (48) de- 
monstrated bovine bacilli in 34 out of 423 tuberculous patients 
admit led to tire University Clinic at Rotterdam (in sputa and 
gastric, lavage 3.28 per cent, in urine 10.6 per cent, in cerebrospinal 
fluids 26.7 per cent, in pus 9.3 per cent, and also in 3 out of 15 hits 
or skin and in 1 out of 7 lymphatic glands). Of the patients exa- 
mined 8.0.3 per cent had contracted a bovine infection (the corres- 
ponding figure for the whole of Holland was 7.13 per cent), hi 



9 


1940 Jensen, Lester and Tolderlund (53) published the results 
of typings of tubercle bacilli made in Denmark during the years 
1931 — 1936. Altogether 5,746 strains of tubercle bacilli from just 
as many cases of tuberculosis -were typed. Of these no less than 
644 (11.2 per cent) were bovine. The cases of bovine tuberculosis 
most frequently occurred in Jutland — and in particular, North, 
West and South Jutland — whereas the islands, especially the 
island of Bornholm, are practically free from bovine infection in 
man. In Sweden, the first cases of bovine tuberculosis in man were 
described by Pettersson and Kling (89) in 1914. In an examin- 
ation of 60 young children from Stockholm they found not less 
than 8 cases of bovine infection. In recent years small epidemics 
of bovine tuberculosis have been observed in different parts of 
Sweden and have been described by Tornell (126 — 127), Stahl 
(121), Kaijser (55), Olsson (79), Gnosspelius (32), Gardell 
(29) and Fogstrand (26). In a comprehensive work published in 
1937 Gervois (31) has classified all cases recorded in the literature 


Table 1 ». 

The Incidence of Bovine Tuberculosis in Man. 


Country 

Total 

number 

Human 

Bovine 

Bovine 

% 

France (4, 7, 19, 22, G3, 100, 101, 106, 127) 

1083 


28 

2.6 

Germany (62) 

1165 


158 

13.5 

Netherlands (12, 64, 102, 103, 129) 

767 


66 

8.6 

Switzerland (96, 110, 118) 

218 

201 

17 

7.8 

Norway (3, 10, 49, 119) 

107 

101 

6 

5.6 

Poland (90) 

160 

149 

11 

6.9 

Italv (6,16,20,21,36,85,109) 

871 

846 

25 

2.9 

Spain (18) 

95 

90 

5 

5.3 

Hungary (51, 122) 

334 

328 

6 

1.8 

Greece (2) 

327 

327 

0 

0 

Australia (84, 131,132) 

280 

246 

34 

12.1 

Japan (1, 56, 59, 69, 107, 133) 

272 

264 

8 

2.9 

United States (5, 17, 24, 25, 34, 35, 47, 65, 
66, 70, 78,80— S3, 97, 98,114—116) .... 

1362 

1202 

160 

11.7 

Canada (91—94) 

901 

847 

54 

6.0 


1 The investigations were carried out at quiete different times. Some 
of the figures can hardly he regarded any longer as representative, for 
example those from the U.S.A. and Norway. 
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in which the bacilli were typed. According to this writer bovine 
tubercle bacilli had been found in 1912 out of 17,045 cases, 
which amounts to a percentage of nearly 11.2, exactly the same 
figure as for the Banish material. The majority of the borne 
tuberculous changes were extrapulmonary, in the first place 
glandular and cutaneous tuberculosis, in the second place bone 
tuberculosis, tuberculosis of the meninges and urogenital tuber- 
culosis. On the other hand, pulmonary tuberculosis was relatively 
rare. Finally, in 1939 Price (95) summarised the reported incidence 
in various countries (see Table 1). 

All these investigations show very clearly the significant role 
played by bovine tuberculosis. But no generalisation should be 
attempted from these figures, for the incidence of tuberculosis 
in cattle differs widely in different countries, even in different parts 
of the same country. Nevertheless they indicate that the greatest 
possible attention should be devoted to this problem in future 
and that the campaign against tuberculosis in cattle should be 
continued by every available means. 

B. Bovine pulmonary tuberculosis in man. 

When Robert Kocii at the International Tuberculosis Congress 
at Washington in 1908 still maintained his opinion that bovine 
infection was of little importance to man, he was able, among other 
things, to point to the fact that not a single case of bovine phthisis 
bad been discovered. Such a case, it is true, bad been described 
already in 1905 by de Jongh (54) and Stuurman (120), but as the 
Bacilli behaved, at least to a certain extent, like the human type 
the case must be regarded as doubtful. The first two cases of 
indisputable bovine phthisis were observed in England by Griffith 
(37, 38) in 1909. 

One of these cases was a butcher’s assistant, aged 21 years. He bad 
had pneumonia and pleurisy ten months before admission to hospital and 
had suffered from cough ever since. When admitted there was consolid- 
ation of the upper part of the left lower lobe. Four specimens of his sputum 
were investigated. All contained numerous short tubercle bacilli. Cultures 
from the first sample, isolated through the guinea-pig, exhibited the 
cultural characters and the high virulence for the calf, rabbit and guinea- 
pig of a typical bovine tubercle bacillus. The other three samples were 
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collected at intervals of 7G, 117 and 118 days respectively after the first. 
Cultures were obtained from each sample through the guinea-pig, and from 
the last two direct by means of antiformin. All the strains were identical 
in cultural characters with those first isolated and proved highly virulent 
for rabbits, the direct culture from the third specimen producing rapidly 
fatal tuberculosis in two calves inoculated subcutaneously. The other case 
reported by Griffith was a bricklayer, aged 31 years. He suffered from 
pneumonia when 20 veal's old and from pleurisy four months before admis- 
sion. When admitted there were signs of consolidation of both upper lobes. 
Two specimens of sputum were investigated; the second specimen was 
collected 118 days after the first. Both samples contained a moderate 
number of tubercle bacilli. The cultures isolated from the two specimens 
through the guinea-pig and from one specimen directly were very dvsgonic 
and exhibited for calves, rabbits and guinea-pigs the high virulence of 
typical bovine tubercle bacilli. 

From the protocols of the cases it is evident that there cannot he 
any doubt as to the correctness of Griffith's interpretation of the 
observed cases. Thus bovine bacilli are capable of producing 
pulmonary tuberculosis in man. The establishment of this fact 
naturally led to further investigation, but during the next few 
years only isolated cases of bovine phthisis were observed. One 
case of this disease was described from Scotland by Griffith (38) 
in 1913 and another from the same country by Wang (130) in 191G. 
One case was observed by Pergola (S5) in Italy in 1918, while 
Tulloch, Munro - , Ross and Cumming (125) recorded 3 cases in 
1921 and Munro (72, 7*1) 2 cases in 1928. 

With the exception of Pergola’s case, all the new cases were 
fouad in Scotland, the majority at the Fife and Kinross (Glcn- 
Iomond) sanatorium, where systematic investigations have been 
carried on in this field since 1921. At first the purpose of these 
investigations was to determine whether there was any bacterio- 
logical differences in the strains, cultivated from sputum originat- 
ing from 100 tuberculous persons. No such difference could be 
shown, it is true, but the various strains exhibited certain diver- 
gencies. the explanation of which was obtained when it was 
proved that two of them were bovine, one was mixed, i.c. contain- 
ed both human and bovine tubercle bacilli, and the others were 
human. In the following years cultures were obtained from different 
tuberculous material. In two patients from whom they had obt ained 
bovine bacilli from lesions of the sternum and of a rib respectively, 
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there were also pulmonary infiltrations. In both cases bovine 
tubercle bacilli were cultured also from the sputum. In 1928 the 
investigations were extended so as to include all patients admitted 
with pulmonary tuberculosis showing a positive sputum and anv 
other tuberculous lesion. In that way it was possible, according 
to Munro and Griffith (39, 44, 72 — 74, 125), to demonstrate 16 
cases of bovine pulmonary tuberculosis in man in Scotland during 
the years 1924 — 1930. If we include the cases observed previously 
by Griffith (38) and Wang (130), altogether 18 cases of this disease 
had been found in Scotland up to 1930, which amounts to about 
3.8 per cent of the investigated material (468 cases). 

The observations made in Scotland naturally stimulated further 
investigation in England and elsewhere, the results of which have 
shown that phthisis due to bovine tubercle bacilli is by no means 
a rare occurrence. Up to 1937 the total number of observed cases 
of this disease in England was not less than 194. According to 
Griffith (43), the percentage of bovine pulmonary tuberculosis 
increases from less than 1 per cent in the south of England to 9 
per cent in the rural districts of North-east Scotland. Six of the 
52 bovine cases from North-east Scotland were found among 19 
patients from the Orkney Isles, giving these islands the percentage 
of 31.5. 

With regard to the number of observed cases 'of bovine pulmo- 
nary tuberculosis in man, Denmark comes next to Scotland and 
England. The problem of bovine tuberculosis has also been studied 
in that country very carefully, especially by K. A. Jensen and 
his co-workers. As already mentioned, Jensen, Lesteh and 
Tolderlund (53) have shown that not less than 11.2 per cent 
of the investigated cases of tuberculosis were of bovine origin 
(644 out of 5,746 cases). Not a few of these cases were affected 
with bovine phthisis. Already in 1932 Begtbup Hansen and 
K. A. Jensen (8) described 2 cases of pulmonary tuberculosis 
due to the bovine tubercle bacillus. Since then Tobiesen, Jensen 
and Lassen (123) have investigated 26 cases of bovine pulmonary 
tuberculosis in children and adults, practically all living in Copen- 
hagen, and Hammer (45) has recorded 20 cases of the same disease 
in adult age (16 — 37 years) from South Jutland. Mourieu (71) 
has observed and described another 33 cases from Jutland. 
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In Sweden the first eases of bovine phthisis were observed in 
1936 by Hedvael, Lindau and Magnusson. These cases, along 
with those discovered later, are described, in detail in the present 
work. Two cases of the same disease were diagnosed by Tornell 
(127) in the Province of Vastcrgotland in 193S. Pulmonary tuber- 
culosis developed from previous tuberculous changes in the tonsils 
and cervical lymph nodes after a latent period of 9 — 12 months. 

In Finland and Norway, where the incidence of tuberculosis 
in cattle is much lower than in Sweden and Denmark, no case of 
this disease has been found so far. Quite recently Brandt (14) 
published a report of extensive typings of bacilli made by him in 
Norway. Although no less than 1,065 specimens of sputum, 117 
of gastric lavage and 42 of pleural exudate from phthisical persons 
were investigated not a single case of bovine origin was found 
among them. 

In Germany bovine pulmonary tuberculosis has been subjected 
to an exhaustive study by Br. Lange (60, 61), who has made 
valuable contributions especially to our knowledge of the epide- 
miology. The first 4 cases of bovine phthisis were described by him 
in 1931. Since then further cases have been recorded by Br. 
Lange, by Goeters (33) and by Hamer (50). The number of cases 
observed, however, is rather small. 

Bovine phthisis has also been met with in other countries. Thus 
Price (95) states that in France 2 cases were found among 561 
investigated (0.4 per cent) by Saenz (105), d’Arcier and d’Arcier- 
Borrel (4). In Italy, Pergoi.a (85), Daddi (20), Daddi and Di Na- 
tale (21), Sayagnone (109) found 16 cases among 639 examined 
(2.4 per cent). In Hungary, Szule (122) reports 2 cases among 
206 phthisical persons investigated (0.9 per cent). In Poland, 
Piasecka-Zeyrand (90) diagnosed 3 cases out of 112 examined 
(2.7 per cent); and in Switzerland, Mundel and Strempel (76) 
found that out of 60 cases of pulmonary tuberculosis, 1 was due to 
the bovine bacillus (1.7 per cent). According to Ruvs (104), the 
incidence of bovine pulmonary tuberculosis among the urban popu- 
lation of the Netherlands is 1 per cent, and that of the rural popul- 
ation 6 per cent. 

In 1937 Gervois (31) gave the total number of published cases 
of bovine pulmonary tuberculosis in man at 260. As the number 
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of phthisical patients in which the bacilli had been typed amounted 
up to then to 8,536, this equals a percentage of 3; a remarkably high 
figure. 

Thus bovine pulmonary tuberculosis in man is not so uncommon 
as is generally supposed. Now that workers are becoming more 
and more alive to this disease, there is every reason to assume that 
the number of observed cases will rapidly increase. It is obviously 
necessary that in places where tuberculosis in cattle is common 
every new case of pulmonary tuberculosis detected should be 
methodically investigated as to its human or bovine origin. In 
that way one will soon get to know whether the campaign against 
tuberculosis is being conducted along the correct lines and whether 
the protection against infection is sufficiently effective. What 
information may be gathered from such a methodical investigation 
will be seen from the following account. 



2. The origin and planning of the investigation. 


As already mentioned, investigations carried out in Denmark 
revealed a remarkably large number of cases of bovine tuberculosis 
in man. The southernmost part of Sweden (the Province of Skane) 
lies on about the same degree of latitude as Denmark. Tuberculosis 
in cattle is common in this part of Sweden, and it was there- 
fore quite natural that the question soon arose whether the incidence 
of bovine tuberculosis was as high among the population of Skane 
as among that of Denmark. The necessit 3 r of a methodical investi- 
gation of the conditions became evident when Lindau, in preli- 
minary experiments, succeeded in finding solitary cases of this 
disease. 

At a meeting of doctors and veterinarians from different parts 
of Skane held at Malmo in December 1936 Hedvall (46) submitted 
a plan, according to which the investigation should be conducted. 
The main purpose was to find out how often pulmonary tuberculosis 
in Ibis part of Sweden was caused bj r bovine tubercle bacilli, and 
what significance was to be ascribed to this form of disease. At 
the same time the sources of infection and also the pathways of 
infection were to be studied in order to determine the measures that 
should be adopted to combat them. On the other hand, less impor- 
tance was to be attached to ascertaining the number of cases of 
other forms of bovine tuberculosis, but specimens from such diseases 
sent in would of course also be investigated and studied. Thus no 
pressure was exercised to induce doctors to send in specimens from 
such patients, but on the other hand, thanks to an intimate coopera- 
tion with sanatorium doctors, hospital doctors and dispensaries^ 
sputum was sent in for examination from the majority of the 
cases of infectious pulmonary tuberculosis. 
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In order to make the investigation as reliable and valuable as 
possible, the work was from the beginning carried out by a bacteri- 
ologist, a tuberculosis specialist and a veterinarian. The investigation 
o f the specimens sent in and the typing of the bacilli were therefore 
performed by Lindau. The observed cases of bovine tuberculosis 
as well as the patient’s families were examined by Hedvall, who 
was also responsible for the clinical analysis of the materia], while 
the task of inspecting the herds and elucidating the possibilities of 
infection was entrusted to Magnusson. 

In the following pages an account will be given of my part of 
the investigation. The bacteriological and veterinary reports will 
be published in Acta Medica Scandinavica. Detailed informa- 
tion of the technique employed in typing the bacilli will be found 
in Lindau's report, and has been briefly described by me in an 
earlier work in 1937 (46). All the strains of indubitable or suspected 
bovine appearance were tested on rabbits. There is therefore not 
the slightest doubt that the changes found in all the cases described 
were really of bovine origin. This is further supported by the 
fact that only bovine tubercle bacilli were found even when repeated 
typings were made in different material from the same patient. The 
investigation, which was carried on from 1936 to the summer of 
1939, was performed with financial assistance from the Swedish 
National Society against Tuberculosis. The blocks were made at 
the Malmo Grafiska Anstalt. The radiograms were for the most 
part taken at the Roentgen-diagnostic Department of Lund 
Hospital (Chief: TI. Hellmer, M. D.). The work has been trans- 
lated by Mr. Owen Morton. To all those institutions, to sana- 
torium and hospital doctors, dispensary doctors and nurses who, 
by furnishing information about the patients and their families, 
by remitting the patients for examination, etc., have facilitated 
the carrying out of the work, I beg to express my sincere gratitude. 



3. Clinical study of the observed cases of bovine 
tuberculosis in man. 


As will be seen from the following chapters, bovine tuberculosis 
in man was found to be rather common in the southernmost part 
of Sweden (the Province of Skane). The disease was also of a very 
serious character. In many cases the infection led to a fatal issue or 
resulted in a long period of disablement. From this it is evident 
that bovine tuberculosis can no longer be regarded mainly as a 
veterinary problem. Doctors, too, must participate more actively 
than formerly in the fight against this form of tuberculosis and not 
devote their attention almost exclusively to the prevention of the 
occurrence of human infection. Anti-tuberculosis work in future 
should therefore be characterised by an intimate cooperation 
between doctors and veterinarians. 

In order to be able to carry on such an intensified campaign 
against tuberculosis with the greatest possible efficacy, it is 
necessary, however, to subject bovine tuberculosis, especially pul- 
monary tuberculosis, in man to a detailed study. It is not enough 
to find out in what part of Sweden this disease is most widely 
spread, so as to intensify the fight against bovine infection just in 
that locality; every doctor must also possess an intimate knowledge 
of the routes of infection and the different forms of disease following 
a bovine infection. The investigations in this field made especially 
in recent years have for the most part been devoted to bacterial 
and epidemiological conditions. The clinical features have also been 
dealt with, but in general relatively briefly, and only a few radio- 
grams, illustrating the different manifestations of bovine tuberculo- 
sis in man, have been published. 

In the following classification chief importance has been attached 
to the clinical features observed in the study of 67 cases of bovine 


2 



18 


tuberculosis in man found in the Province of Skane. Only those 
cases in which bovine tubercle bacilli were found have been included 
in the present series. The case histories have been made as detailed 
and concise as possible. In addition to the morbid changes present 
and the course of the disease itself, the source of infection is given in 
those cases where it was discovered. A great many radiograms have, 
been included so that the reader can himself form an opinion of the 
appearance and the nature of the tuberculous changes at the time 
they were diagnosed. 

The procedure in examining the patients and their environments 
was briefly as follows: As a rule the patient was admitted to and 
nursed at Lund Hospital for some time. Later he was, if necessary, 
transferred to a sanatorium or other institution. In some instances 
the patient had already been admitted to a sanatorium when the 
result of the typing of the tubercle bacilli became known. The 
examination was carried out in accordance with a definite plan. 
Attention was directed especially to the presence of rests of the 
primary infection in order to lie able to ascertain the route of in- 
fection. Thus careful attention was given to the presence of tuber- 
culosis of the cervical lymph nodes, calcifications in the hilar regions 
and in the lungs, calcified abdominal lymph nodes,' etc. The tuber- 
culous changes demonstrated were followed for a great many 
years and the development of the changes was recorded by means 
of a large series of radiograms. Tuberculin tests, guinea-pig inocu- 
lation with sputum and gastric lavage w T cre the standard methods 
of examination. The small divergencies made from this system of 
examination are of no practical importance and were due, as a rule, 
to the fact that the patients were not treated at the same institution 
during the entire period of their illness. A point of greater impor- 
tance is that a necropsy examination could not always be made 
of the fatal eases. Thus a posl-moriem examination w r as made in 
only 12 of the 26 fatal cases. The cause of this was that either the 
patient died at home or necropsy examination was not permitted 
by the relatives. 

Luring the time the patients were under observation or treat- 
ment their relatives w T ere subjected to a careful examination, as a 
rule performed by me at the Central Dispensary in Lund. An 
X-ray examination of the lungs was always made. When the exa- 
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mination was completed and careful information had been obtained 
with regard to the occurrence of tuberculosis among the farm live- 
stock, consumption of »raw» milk, etc., a record of the observations 
made was sent to the Royal Medical Board, who in appropriate 
cases appointed a veterinarian, generally H. Magnusson, to per- 
form a veterinary inspection of the cattle on the farm. The result 
of the investigation is given in the case histories. 

A. Case histories and radiograms. 


Case 1 . Female, aged 1. Father, farm-labourer, Stehag. 

The mother has a stationary, non-bacillarv, apical tuberculosis. 
Other members of the family healthy. No source of infection was disco- 
vered among the cattle on the farm. 

The patient was examined on account of the mother’s illness. No 
evidence of disease was detected, apart from loss of appetite. The tuberculin 
reaction was positive. The sedimentation rate was 10 mm. iYo demonstrable 
tuberculous changes. Bovine tubercle bacilli were found in the gastric lavage 
The present state of health is good. 

Case 2. Female, aged 5. Father, crofter. Lbberod.. 

A maternal aunt and an uncle died from pulmonary tuberculosis in 
1929 and 1937 respectively, but the family had not met them for several 
years. The father had exudative pleurisy when S years old, but was now in 
good health. The mother and the youngest child (tuberculin negative 
up to 1 mg of tuberculin) were also well. 

All the children living at home, with the exception of the youngest, 
became ill in June — July 1938, examination revealing, in addition to 
tuberculous changes, bovine tubercle bacilli in 3 of them (Cases 2 — -1). 
The other 3 children (not included in this classification) were also in all 
probability infected with bovine tuberculosis, although no tubercle bacilli 
could be demonstrated. On account of general symptoms of disease, such 
as cough, lassitude, emaciation and fever, they were given hospital care for 
several months. One of them also developed erythema nodosum and a right- 
sided hilar adenitis. The tuberculin reaction was positive (negative in the 
autumn of 1937). 

The source of infection was most probably cows belonging to the farm. 
According to Mac.nussox’s report, there were before the children became 
ill no less than 3 cows in the small herd affected with open tuberculosis. 
One of these cows showed, when slaughtered, also tuberculosis of the 
kidneys, udder and uterus. All the children with the exception of the 
youngest had drunk raw milk from these cows. The children used to play in 
the cow-house. 
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Mr. i. 

-• 5-yrnr-old girl (father, crofter) with crytlieiim nodosum and a lobcr- 
rulnus primary complex. Tlie hilar regions are enlarged and condensed. In the 
up] er part of the left lung there is a compact density, partly due to tuberculosis, 
partly lo atelectasis. Bovine tubercle bacilli were found in the sputum and in 
the gastric kwetge. The changes reduced very slowly. The present condition 
is good. 1 he patient belongs to a family in which 5 more children were infected 
>> bos ine bacilli at the same time. In addition lo tuberculous changes, bovine 
tubercle bacilli were shown in 3 of these children (Cases 2 — 1). 


1 he patient became ill in July 1938 with cough, vomitings, loss of appe- 
tite, fever and erythema nodosum. The tuberculin reaction, which was nega- 
tive in the autumn of 1937. was now positive. The sedimentation rate was 
37 mm, increased later to 53 mm, hut returned to normal after 1 V« months' 
hospital care. Radiograms of (lie lungs taken on 7th July 1938 revealed 
the presence of a bilateral hilar adenitis, also evidence of enlarged lymph 
nodes in the mediastinum, but no signs (calcifications, etc.) of a previous 
tuberculous infection could be detected. Three weeks later a compact 
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density could be observed in the left apical field, probably partly due to 
atelectasis, partly to tuberculosis (Fig. 1). The changes regressed very 
slowly. Thus as late as September 1910 the tuberculous changes in the 
left lung si ill remained. Radiography of the abdomen revealed no glan- 
dular calcifications. The lymph nodes of the neck were normal. Bovine 
tubercle bacilli were present in the sputum and in the gastric lavage. 

A 5-year-old girl affected with erythema nodosum and hilar ade- 
nitis with left-sided atelectasis and pulmonary tuberculosis (primary 
complex). In all probability C of the 7 children in this family 
became ill as the result of a fresh infection with bovine tubercle 
bacilli. Bovine T.B. in the sputum as well as the stomach washing. 
The patient's health is at present good. The source of infection 
was most probably tuberculous cows on Die farm. 


Case 3. Male, aged 7 (brother of Cases 2 and 1). Father, crofter, 
Ldberdd. 

For family history and source of infection sec Case 2. 

The patient became ill in the middle of June 193S with cough , fatigue , 
stomach-ache, loose stools, loss of appetite and fever. The stomach trouble 
disappeared after a short time but the cough remained. At the end of June 
erythema i mdosum appeared. The tuberculin reaction was positive, and the 
sedimentation rate 29 mm (became normal after a few weeks). The radio- 
grams of the lung taken in July 193S showed a right-sided hilar adenitis 
(Fig. 2) and a small right-sided pleural exudation (visible in lateral view) 
but no evidence (calcifications, etc.) of a previous tuberculous infection. 
The hilar nodes gradually increased in size; in December 193S a left-sided 
hilar adenitis could be observed, also signs of enlarged nodes in the medi- 
astinum. Regression took place gradually. Radiographic examination of 
the abdomen showed no evidence of any glandular calcifications. The 
lymph nodes of the neck were normal. Bovine, tubercle bacilli were found 
in the gastric lavage. 

A 7-ycar-old boy, brother of Case 2, with erythema nodosum and 
hilar adenitis due to a fresh bovine tuberculous infection. Bovine 
T.B. in the gastric lavage. The patient’s health is at present good. 
In all probability the source of infection was tuberculous cows 
belonging to the farm. 

Case ■!. Female, aged 10 (sister of Gases 2 and 3). Father, crofter, 
Ldberdd. 

For family history and source of infection see Case 2. 

The patient became ill in the middle of June 193S with cough, fatigue, 
pain in the stomach, loose stools, fever and erythema nodosum. The gastric 
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‘ ’.°v / >" ear . s (brother or the preceding patient) with erythema 

'ind pm. i " "l’ c '‘ c " , ™ ls l, ^ ar ndenitis. The right hilar shadow is enlarged 
j.;, , * e . !!sc< ‘ bourne tubercle bacilli were found in the. gastric lavage. The 

i ral u ' r soo - n '"creased in size. Six months later a left-sided hilar 
h a f.° «I»P™™«I as well as signs of enlarged lymph nodes in the 
mediastinum. I hen followed a slow regression. The present health is go oil. 


trouble disappeared after a short lime but Hie cough remained unchanged. 

ic u ercnlin icnclion was positive, Hie sedimentation rate was -to nun 
(increased to 71 mm, returning to norma! after two months). The radio- 
grams of the lungs in .Tune 1038 revealed a left-sided hilar adenitis but 

looon” 8 ! u C *^ Cat *°” S ’ °* C '^ an ear ^ er tuberculous infection. In July 
ie ular glands increased in size while at thesnmelimechangesappear- 
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ed in t lie centre of 1 he IcH lung:, which underwent, regression later. Radio- 
graphic examinat ion of the abdomen showed no glandular calcifications. No 
cervical gland tuberculosis occurred. Bovine tubercle bacilli were demon- 
strated in both the sputum and the gastric lavage in July J03S . in the 
sputum also in August 1939. 

A 10,-ycar-old girl (sisLcr of Cases 2 and 3) exposed to a- fresh 
infection with bovine tubercle bacilli, resulting in erythema nodosum 
and a left-sided hilar adenitis. Bovine T.B. in both sputum and 
gastric lavage. 1 lie present health is good. The source of in- 
fection was in all probability tuberculous cows belonging to the 
farm. 


Casco. Male, aged 1(>. Father, farm-labourer, Vin trie. 

The parents and 2 of the (» children living at home are in good health. 
The other children fell ill at the same time in March 1937 with symptoms 
of a fresh tuberculous infection; tubercle- bacilli (of the bovine type) 
could be shown in only one of them (Case 5). There is no doubt, however, 
that the other children (not included in this classification) were also 
infected with bovine tuberculosis. One of them, for instance, had erythema 
nodosum, another erythema nodosum and a primary complex in the right 
lung, while a third showed symptoms of abdominal gland, tuberculosis. All 
of them were in need of hospital care. 

The source of infection was in all probability a cow that bad been ill 
for about a month; the animal was unable to stand on its legs. When slaugh- 
tered on 10th March 1937 the animal was found to be affected with disse- 
minated tuberculosis. All the children had drunk raw milk and had often 
been in the cow-house. 

The patient became ill in March 1937 with fatigue, stomach-ache, fever 
and erythema nodosum. The stools were normal. The radiograms of the 
lungs revealed a left-sided hilar adenitis and a small parenchymal change 
just below the left hilum, on the other hand no signs (calcifications, etc.) 
of an earlier tuberculous infection could be delected. The tuberculin 
reaction was positive, the sedimentation rate 9 mm. A radiographic exa- 
mination of the abdomen showed no glandular calcifications. The cervical 
lymph nodes were normal. Bovine tubercle bacilli were found in the gastric 
lavage. 

A 16-year-old boy, belonging to a family in which in all’ prob- 
ability 4 of the 6 children fell ill as the result of a fresh bovine 
tuberculous infection. Erythema nodosum, left-sided hilar adenitis 
and pulmonary tuberculosis (primary complex) developed. The 
changes showed a slow regression. Bovine tubercle bacilli were 
present in the gastric lavage. The other children, in whom no 
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tubercle bacilli could be demonstrated, had either erythema nodo- 
sum alone or erythema nodosum and a primary complex in the 
right lung or evidence of tuberculosis of the abdominal glands. 
The source of infection was probably a tuberculous cow belonging' 

to the farm. The patient’s health is at present good. : 

• . I 

Case 0. Male, aged 29. Farmer, Esperod. 

Family in good health. No source of infection was discovered amon« 
the live-stock of the farm. The patient had tended cattle, milked occa- 
sionally and also consumed raw milk. 

At Christmas-time, 1938, the patient had cough, scanty expectoration 
and a stitch in the chest, mostly pronounced behind the sternum. On the 
other hand, no fatigue or gastric trouble. The tuberculin reaction was 
positive and the rate of sedimentation 113 mm (fell to 28 mm after a 
month). Radiographic examination of the lungs in February 1939 revealed 
an extensive right-sided hilar adenitis and parenchymal changes in the 
dorsal part of the right lower lobe (primary complex), hut no evidence 
(calcifications, etc.) of a. previous tuberculous infection could he observed 
(Fig. 3). The changes, which were of a mottled appearance, regressed 
slowly. The cervical lymph nodes were normal. Bovine tubercle ‘bacilli 
were jound in the sputum and in the gastric lavage. 

A 29-year-old man with right-sided hilar adenitis and pulmonary 
tuberculosis (primary complex) due to a fresh primary bovine 
infection. Bovine T.B. in the sputum and the gastric lavage. The 
present health is good. The source of infection has not been traced. 


Case 7. Male, aged 14. Father, farmer, Rynge. 

There was no family history of tuberculosis. The other children gave 
a negative tuberculin reaction. No source of infection could be found among 
the live-stock of the farm. 

In 1938 the patient had been employed as farm-labourer at an uncle’s 
farm in Bjiirsjo. The history of this family was free from tuberculosis. 
Tuberculous disease had, however, occurred previously among the cattle on 
the farm. After the patient’s infection, one of the cows was slaughtered 
owing to open pulmonary tuberculosis. The patient had looked after and 
milked this cow; he had also drunk raw milk from the farm. 

In October 1938 the patient felt tired , had a stitch in the left side of the 
chest - and cough. Shortly afterwards he developed fever, which necessitated 
hospital care. On admission the tuberculin reaction was negative, but became 
strongly positive rather soon. The rate of sedimentation was 50 mm, and 
showed no tendency to return to normal. Radiographic examination of 
the lungs in October 1938 revealed a left-sided hilar adenitis and pulmo- 
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Fig. 3. 

Cose 6. A 29-year-okl farmer with a tuberculous primary complex. The right 
hilar shadow is considerably enlarged and condensed. Parenchymal changes 
occurred below the hilar region (in the posterior part of the right lower lobe). 
Bovine tubercle bacilli were demonstrated in the sputum and in the gastric lavage. 
The changes have reduced very slowly. The patient is at present well. 

navy changes, probably in a large measure due to atelectasis (Fig. 4). 
On the other hand, no evidence of a previous tuberculous infection 
(calcifications, etc.) could be discovered. In later radiograms (8th No- 
vember 1939) a parenchymal change as large as a hazel-nut could be 
observed below the hilar region (Fig. 5). Radiogram of the abdomen 
did not show any glandular calcifications. The lymph nodes of the 
neck were normal. Bovine tubercle bacilli were demonstrated in the sputum 
and in the gastric lavage. 

Later the patient developed symptoms of tuberculoma of the cerebel- 
lum, and he died in November 1939. Bovine tubercle bacilli were also shown 
in the tuberculoma. 
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Fig. 


Case 7. A boy aged 14 years (father, farmer) with a tuberculous primary compter. 
The left hilar shadow is enlarged. In the lower part of the left lung there is a 
compact density, partly due to tuberculosis, partly to atelectasis. Bonne 
tubercle bacilli were present in the sputum and in the gastric lavage. 


Autopsy (performed by Prof. E. Sjovall): 

The right lung was normally air-cushioned and without any palpabl) 
solid areas, the pleura smooth and glossy. The juice that could be pressed 
out of the tissue was normally frothy and clear, and from the bronchi 
emerged a thick, yellowish white mucus. The left lung was of a normall) 
air-cushioned consistency everywhere with the exception of the area imme- 
diately lateral of and above the hilum, where a resistance of a more soli 
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Fig. 5. 

Case 7. (The same case as in Fig. 4). The changes reduced gradually. A year 
later a density could still be seen within an area as large as a hazel-nut below 
the left hilar region. The patient died from a tuberculoma of the cerebellum 
shortly afterwards. Bovine tubercle bacilli were also shown in the tuberculoma. 

consistency about twice the size of a walnut could be palpated. Along the 
main bronchus of the left hilum, at the bifurcation and along the left side 
of the trachea, there were several nodes varying in size from a bean to a 
hazel-nut, rather solid and with small white, degenerating, caseous foci on 
the cut surface. On the right side of the trachea there were only a few 
pea-sized nodes, but these, too, were taken up by small caseous foci. No 
changed glands were met with in the right hilum. The pleura of the left 
lung was everywhere smooth and glossy. Both lobes of the lung were 
\ widely fused together by means of adhesions of connective tissue. On the 
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cut surface the lower lobe was quite normal apart from the thick exudate 
issuing- from the bronchi. Corresponding to the area in which resistances 
were palpated, there was in the upper lobe a firm indurated area 
of connective tissue, dark red in colour, with ill-defined margins and 
without any caseous or necrotic areas. The tissue was not aerated, hut no 
cloudy juice could be pressed out of it. No calcifications could be found 
anywhere, either in the glands or in the lung tissue. Abdominal cavity: The 
peritoneum was smooth and glossy, no increase of fluid; the topographical 
conditions normal. Appendix had been removed. Nodes, varying in 
size from a bean to a hazel-nut, which felt rather firm and on the 
cut surface often showed small caseous necroses, were palpable in the 
mesentery of the oocrum and here and there in that of the small 
intestine. The intestinal mucosa was everywhere normal, no ulcers, no 
redness, no scar-formation after okl sores were macroscopically discer- 
nible On being removed the left hemisphere of the cerebellum, 

which was very loose in consistency, was broken and a very solid body, 
about twice the size of a walnut, was pushed out of a bed composed of 

a composite, degenerating, whitish grey cerebellar substance On 

section the surface was found to be homogeneous, yellowish white, almost 
glossy (like a raw-peeled potato), with a narrow, light greyish red border 
at the periphery. No liquefaction, no haemorrhages. The right hemisphere 
of the cerebellum showed no abnormality. 

The necropsy diagnosis was: The. pulmobronchial. sin. in sanatione. 
The solitoria eerebeili. 

A 1 1 -vear-old boy with Icfl-sidcd hilar adenitis and pulmonary 
tuberculosis (primary complex), due to a frcsli primary bovine 
infection. About a year later he developed a tuberculoma of the 
cerebellum, and he died about 1 year, after the onset of the tuber- 
culous affection. Bovine T. B. were present in the sputum, the 
stomach washing and in the tuberculoma. The source of infection 
was in all probability a cow affected with open pulmonary 
tuberculosis belonging to the farm at which the patient had 
been employed. 

Case s. Female, aged 7. Father, farmer, Rynge. 

Parents and 8 brothers and sisters in good health. An elder, married sis- 
ter has cavernous phthisis with abundant bovine tubercle bacilli in the sputum 
(Case -49). The cattle belonging to the farm are healthy. The patient has 
not been absent from borne for more than a day at most, except when she 
attended village school at Vallosa for two terms. No case of tuberculosis is 
said to have occurred in her class at school. The farm has a rather isolated 
location. At home the patient came into contact only with her parents and 
brothers and sisters; the milk she drank always originated from the farm s 
own production. The source of infection was the phthisical sister. 
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Fig. G. 


Case S. X girl of 7 years (father, farmer) with erylhema nodosum and a tubercu- 
lous primary complex. The left hilar shadow is enlarged and condensed. On 
rotation (Fig. 7) a small parenchymal opacity is seen also on the left side — 
the lung component of the primary complex. Bovine tubercle bacilli were jound 
in the gastric lavage. The source of infection was an elder sister with bovine 
phthisis (Case 49, Fig. 19). See also text to Fig. 7. 


The patient was subjectively well until July 1938, when she had an 
eruption of erythema nodosum with subsequent subfebrility. No abdominal 
symptoms. The tuberculin reaction was positive, the sedimentation rate 
50 mm (fell to 11 mm one month later). Radiographic examination of the 
lungs on 3rd July 193S revealed a left-sided hilar adenitis but no evidence 
(calcifications, etc.) of a previous tuberculous infection (Fig. 6). After a 
month or two a small parenchymal opacity appeared also below and behind 
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Fig. 7. 

Case 5. {The same case as shown in Fig. 6). The picture, taken with the Mi 
shoulder rotated forwards, shows the small parenchymal density. The primary - 
complex afterwards reduced gradually. The present health is good. 


the left hilum (Fig. 7). The changes slowly regressed . The cervical lymph 
nodes were normal. Radiogram of the abdomen showed no glandular 
calcifications. Bovine tubercle bacilli mere found in the gastric lavage. 

A 7-year-old girl exposed to a fresh primary infection of the 
bovine type, resulting in erythema nodosum and .a left-sided hilar 
adenitis and pulmonary tuberculosis (primary complex). Bovine 
T-.B. in the gastric lavage. The patient’s condition is at present 
good. The source of infection was an elder sister affected tvith 
bovine phthisis (Case 49). 


Case 0. Male, aged 23. Veterinary student, Hoor. Father, bank director. 
No family history of tuberculosis. 
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When studying at the Veterinary College, Stockholm, the patient, 
according to his own report, handled much tuberculous materia] at the 
laboratory and the slaughter-house. In May 1937, while working at Stock- 
holm, he had erythema nodosum. No abdominal symptoms. The tuber- 
culin reaction was positive and the rate of sedimentation increased. Radio- 
graphic examination of the lungs on Slh May 1937 revealed aright-sided 
hilar adenitis and parenchymal changes below and behind the right hilum 
(primary complex). The lymph nodes of the neck were normal. The 
changes regressed very slowly. Bovine tubercle bacilli were present in the 
sputum. 

A 23-year-old man with erythema nodosum and righi-sided hilar 
adenitis and pulmonary tuberculosis (primary complex) due to a 
fresh primary bovine infection. Bovine T. B. in the sputum. 
Present healLh good. The source of infection was probably bovine 
material with which the patient had come into contact during his 
veterinary studies. 


Case 10 . Female, aged 30. Unmarried, living at home. Father, crofter, 
St. Herrestad. 

Parents and brothers and sisters in good health. The source.of infection 
was a cow on the farm that had been ill and had had a cough for a long 
time. This animal was slaughtered in the autumn of 1935 and was then 
found to be »full of tuberculosis*. The patient had milked this cow and also 
drunk raw milk from it. 

The patient became ill in April 1935 with cough, fatigue, loss of weight 
and stitch in the left side of the back. On the other hand, she had no 
abdominal symptoms. The tuberculin reaction was positive and the rale of 
sedimentation 3G mm. A radiographic examination in May the same year 
revealed the presence of a left-sided hilar adenitis and lung changes centrally 
on the same side, together with a considerable widening of the mediastinum, 
indicating also the presence of enlarged nodes there (primary complex) 
(Figs. 8 — 9). On the other hand, no evidence of an earlier tuberculous 
infection (calcifications, etc.) was discernible. The cervical lymph nodes 
were normal. The lung changes soon showed all indications of a malignant 
development. The mediastinal lymph nodes increased considerably in size. 
On account of suspected liquefaction in the changed area in the left lung 
pneumothorax was induced, which had to be interrupted after a short 
time, however, owing to the development of a bilateral exudative pleurisy, 
which caused marked dyspnoea. The condition afterwards became more 
and more deteriorated and the patient died in June 193G. Bovine tubercle 
bacilli were cultivated from the pleural fluid and from the lung tissue (see 
necropsy report). 

Necropsy report (performed by Prof. E. Sr 6 v all) was as follows: 

When the large body cavities were opened, a wide dissemination of 
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Fig. 8. 

Case 10. An unmarried woman aged 30 (father, farmer) with a tuberculous 
primary complex. The left hilar shadow is enlarged and moderately condensed. 
Outside this area, towards the centre of the left lung field, there were also 
parenchymal changes covering an area about the size of a hazel-nut (the lung 
component of the primary complex). Sec also text to Fig. 9. 

small and large, frequently plainly caseous tubercles was seen every- 
where in the pleurae and in the peritoneum. Not infrequently these 
tubercles clustered together into large mats, and ofi the surface of the lungs 
there was an organised fibrinous membrane, dotted with nodules. Such 
a membrane entirely enclosed the greatly collapsed left lung like a sac, and 
it was not until this membrane was removed — with difficulty — that Ihe 
contours of the lobes of the lung were plainly seen. In the abdominal cavity 
the tuberculous process united with extensive adhesions, particularly thick 
and continuous in the right snbphrenic space. Evidence of acute serositis 
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Fig. 9. 


Case 10. (Tiic same case as in Fig. 8.) The lung component appears more 
clearly in this picture, taken with the left shoulder rotated slightly forwards. 
The disease ran a malignant course. Hacmatogcnous dissemination look place 
to the serous membranes and several organs. Death occurred about 13 months 
after the diagnosis of the. primary complex. Bovine (nbcrcic bacilli were culti- 
vated from the pleural fluid and from the lung tissue (on post-mortem examination). 


was met with only in the form of a fresh fibrinous coating at the bottom 
of the anterior part of the right lung. The pericardium was unchanged. 
When the thoracic viscera had been removed, all lymph nodes on both 
sides of the trachea and round both main bronchi were found to be greatly 
enlarged, firm, entirely caseous but non-liquefying. The process continued 
with the same character and intensity right into the left hilum, and con- 
necting on to this there was, at the base of the lateral part of the left 
upper lobe of the lung, a sharply defined focus of rather inspissated caseous 
tissue almost as large as a hazel-nut. Close around this focus there were 
some small, acinous, caseous foci. Otherwise no indications of tuberculosis 
other than a few diffusely spread, small tubercles were found in both lungs. 

3 - 
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In the right upper lung lobe, however, there was a plum-siied 
•pneumonic focus with central liquefaction and actively hvperaemic « 
the proximity of the surrounding. The heart was rather small, flaccid 
and pale, otherwise without any changes. The liver was intensely pale 
not very rich in fat, and the spleen showed a fairly normal appearance 
No miliary tubercles were observed in these organs. Tubercles were, how- 
ever, found in the otherwise unchanged kidneys, small tubercles occurring 
in some places in the cortex. The internal genital organs showed gross 
serosal changes of tuberculous nature, but were otherwise normal. The 
lymph nodes round the truncus coel incus were caseously degenerated. 
The mesenterial lymph nodes and the intestinal mucosa showed no evi- 
dence of tuberculosis.. 

'The jtecropi •>/ diagnosis was: The. prim, caseosa pulm, sin. e) Irmplio- 
.gland. bronchial, et tracheae -I- polyserosit. thc.-f- the. mil. mitiorpnlm. 
et renum 4- pneumonia lob. sup. dxt. c. necros. 

A 30-vear-old woman with left-sided hilar adenitis, pulmonary 
tuberculosis and tuberculosis of the mediastinal lymph nodes (primary 
complex) due to a fresh primary bovine infection. Later miliary 
dissemination took place to the serous membranes and to a number 
of the organs of the body. The patient died about 13 months 
'after the affection had been diagnosed. Bovine T.B. were demon- 
strated in the pleural exudate and the lung tissue. In all probability 
the source of infection was a tuberculous cow on the farm. 


Case il. Male, aged 6. * Father, church-caretaker, Dalhy. 

Parents and other children healthy. An uncle had pulmonary tubercu- 
losis in 192G (thoracoplasty in 1028) but recovered and lias been nonbaeil- 
lary for quite a long time. Formerly (lie father used to slaughter animals 
■ but ; according to report, has not done so for many years. The family does 
not keep any cows, milk having been brought from different sources. The 
patient has drunk raw milk. The source of infection lias not been disco- 
vered. 

In the beginning of April 1030 the patient bad mumps. In the middle 
of April lie felt fatigued , had vomitings, loss of appetite, and some days later 
lie developed headaches, photophobia and fever. lie showed the usual signs 
of tuberculous meningitis. An X-ray examination of the lungs showed the 
picture of miliary tuberculosis but no evidence (calcifications, etc.) of a 
previous tuberculous infection (Fig. 10). lie died on 22nd May 1930. Bovine 
tubercle bacilli were present in the cerebrospinal fluid. 

Necropsy (performed by Dr. A. Sjovali.) gave the following result: 

The dura mater was tense, hypcraemic. The soft membranes v> ere 
liyperaemic but dry; the gyri were flattened. At the base of the brain 
there was a plastic, greenish grey, gelatinous exudate, and along Ihe vesses 
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Fig. 10. 

Case 11. A boy of G years (father, church-caretaker) with bovine primary 
tuberculosis oj the abdomen and acute miliary tuberculosis as well as tuberculous 
meningitis, resulting in death after a short time. The diffuse, minute granu- 
larity typical of miliary tuberculosis is shown in the picture. Bovine tubercle 
bacilli were found in the cerebrospinal fluid. 


up towards the convexity there were scattered tubercles varying in size 
from a pin-head to a grain. The tonsils and cervical lymph nodes were 
normal. No primary complex within the region of the lungs. High up in the 
jejunum there was a small ulcer, barely the size of a grain, in the mucous 
membrane; the corresponding mesenterial lymph nodes were caseously 
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yellowish white. The heart and the pericardium were quite normal. The 
' pleura was also normal. Diffuse, typical miliary tubercles, the size of 
hemp-seeds and yellowish white in colour, in the lungs, which showed no 
changes otherwise. In the liver and in the somewhat enlarged spleen there 
were also numerous miliary tubercles. Apart from what was said above 
the digestive canal showed no abnormalities. Likewise the peritoneum, the 
pancreas and the bile ducts. In both renal pelvises and in one place in the 
bladder there were quite fresh ulcerations of tuberculous appearance about 
the size of pin-heads. Otherwise the urinary organs were normal. 

The necropsy diagnosis was: Tbc. primaria intestini tenuis et lympho- 
gland. mesenterii + Tbc. miliaris + Meningitis tbc. 

A 6-year-old boy with bovine primary tuberculosis in the ab- 
domen and acute miliary tuberculosis and tuberculous meningitis, 
leading to death. Bovine T.B. were present in the cerebrospinal 
fluid. The source of infection was not traced. 


Case 12. Male, aged 15 months. Father, groom. Vadensjo. 

Parents and other children healthy. The source of infection was 
established. The investigation proved that at the age of 8—13 months, 
i. e. for a period of 5 months, the child had been given milk from a 
herd in which 3 cases of open pulmonary tuberculosis occurred among the 
cows. 

In December 1937 the patient had a fracture of the skull due to a fall. 
After an interval of good health the patient again fell ill on 31st May 1938 
with attacks of cramp and periods of apathy. He showed the usual symptoms 
of meningitis. Died on 8th June 1938. Bovine tubercle bacilli present in the 
cerebrospinal fluid. 

The necropsy examination (performed by Dr. Lindsten) detected: 
Lungs everywhere aeriferous, soft, homogeneous in consistency. A few 
scattered, pin-bead-sized, yellowish white nodules on the pleural surface. 
On section the lung tissue was found to be somewhat dry, but otherwise 
showed no abnormality. The heart and pericardium normal. The perito- 
neum was everywhere smooth and glossy. On the surface of the liver there 
were several miliary, yellowish white nodules, solitary nodules being also 
found on the cut surface. The spleen was small, rather solid and interspersed 
with numerous yellowish white foci up to the size of pin-heads. The kidneys 
normal. The mesenterial lymph nodes were swollen to the size of walnuts, 
partly medullary, partly transformed into a caseous mass. The meninges 
were abnormally tense. The cisterns and sulci contained a greyish gela- 
tinous exudate. Numerous, small adhesions between the dura and the 
arachnoidea, but which could be easily separated on removal of the brain. 
Numerous, miliary, greyish white nodules along the vessels and in the 
choroid plexes. The ventricles were somewhat distended. Otherwise there 
were no abnormalities. 
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The necropsy diagnosis was: Tbc. lymphogland. mesenterii + tbc. 
miliaris hepatis, lienis et pulmonum + meningit. tbc. 

A 15-month-old child with bovine primary tuberculosis in the 
abdomen and acute miliary tuberculosis and tuberculous meningitis. 
Died. Bovine T.B. in the cerebrospinal fluid. Source of infection 
was discovered. 


Case is. Female, aged 7 months. Father, farmer, Ramsasa. 

An aunt died of pulmonary tuberculosis many years ago. Parents and 
other children healthy. The patient had consumed raw milk from the farm. 
No veterinary examination of the herd was made. The source of infection 
has not been traced. 

When 1 month old the patient had vomitings for a week or two. In 
July 1930, at the age of 7 months, she had attacks of vomitings again. 
Began to lose weight and had fever. Evacuation of the bowels 0 — 2 times daily, 
stools at first normal, later somewhat mucous and watery. Diagnosis: tuber- 
culous meningitis. The tuberculin reaction was positive, and the rate of 
sedimentation 15 mm. Bovine tubercle bacilli were found in the cerebrospinal 
fluid. When the diagnosis had been made, the parents took the child 
home, where it died after a week. There was no necropsy. 

A 7-month-old child died from bovine tuberculous meningitis. 
Bovine T.B. in the cerebrospinal fluid. The source of infection was 
not discovered. 


Case 14. Female, aged 23. Unmarried daughter living at home. Father, 
farmer, Glemmingehro. 

Father died of cancer in 1935. In the same year a sister died from 
»pneumonia». Other members of the family in good health. An examination 
of the cattle on the farm disclosed 3 cases of contagious pulmonary tuber- 
culosis (one of the cows having a less pronounced, the other two advanced 
pulmonary tuberculosis). Attention had previously been called to the 
presence of tuberculosis in slaughtered animals from the herd. The patient 
had tended and milked the cows, but tdiad not drunk any milk for IS years», 
as she was not fond of milk. In all probability the source of infection in 
this case was the tuberculous cattle belonging to the farm. 

The patient, who had not previously shown any symptoms of tuber- 
culosis, became ill in November 1935 with fatigue, stitch in the left side 
of the chest and fever. In December she developed dyspnoea and a cough. 
The rate of sedimentation was 83 mm (falling to normal 1 month later). 
Radiographic examination of the lungs revealed no evidence (calcifications, 
etc.) of a previous tuberculous infection, but on the other hand showed 
a large exudate shadow on the left side, which necessitated repeated thora- 
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cocentesis. A radiogram of the abdomen taken in November 1937 and 
another in November 1938 did not show any glandular calcifications. The 
cervical lymph nodes were normal. Bovine tubercle bacilli were demonstrated 
itt the pleural exudate. 

A 23-year-old woman with bovine exudative pleurisy. Bovine 
T.B. in the pleural exudate. The source of infection was most 
probably tuberculous cows on the farm. The patient’s present 
health is good. 


Case 15. Male, aged -11. Parish constable, Vollsjo. 

No history of tuberculosis in the family. Before becoriiingill the patient 
had owned a cow suspected of tuberculous infection. No veterinary exa- 
mination, however, was made. The source of infection has not been 
traced. 

In April 1934 the patient had pain in the lumbar region, swelling oj the 
ankle-joint and left knee-joint- and pain in the right elbow , the right forearm 
and the right metacarpophalangeal joint. Some days later he had erythema 
nodosum. The tuberculin reaction was positive; rate of sedimentation 51 
mm. No tuberculosis of the cervical lymph nodes occurred. Radiographic 
examination of the lungs showed increased density of the hilar shadows on 
the right side and outside this a mottled lung shadow. A collection of 
mottled parenchymal shadows could also be observed in the left infracla- 
vicular fossa. Guinea-pig inoculation with gastric lavage gave a negative 
result. The diagnosis was: erythema nodosum -f pulmonary tuberculosis 
(primary complex and incipient lung changes) + acute polyarthritis. 
The joint symptoms gradually disappeared and have not since recurred. 
In January 1936 the patient again had shivering-fits , dry cough but no 
stitches. A left-sided exudative pleurisy was diagnosed. The apical changes 
on the right side were still of the same appearance as formerly. Bovine 
tubercle bacilli were present in the pleural exudate. The condition gradually 
improved. The patient’s present health is excellent. 

A 41-year-okl man witli a fresh tuberculous infection, resulting 
in erythema nodosum, a right-sided primary complex and left-sided, 
incipient pulmonary tuberculosis. About 17 months later he developed 
bovine exudative pleurisy. Bovine T.B. in the pleural exudate. The 
patient’s present health is good. The source of infection was not 
discovered. 


Case 10. Male, aged 16 months. Father, farm-labourer, Bara. 
Parents and other children healthy. Two of the children, aged 3 and 
4 respectively, were however tuberculin positive, but no tuberculous changes 
could be demonstrated. When about 12 months old the patient began to 
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drink raw milk from a herd, in which a few months later 1 cow was con- 
demned owing to tuberculosis of the udder and lungs and 2 cows had been 
previously slaughtered because of pulmonary tuberculosis. Thus the 
source of Infection was probably the tuberculous cows belonging to the farm 
in question. 

After a long period of petulence and excessive perspiration the patient 
became ill in .tune 193S with cough , fever, loss of appetite and loose stools; 
he had also »a pain in the chcsin. The patient was tuberculin positive, and 
the sedimentation rate was 25 mm. The cervical lymph nodes were normal. 
The radiograms of the lungs was also normal, without any signs of an 
earlier tuberculous infection (calcifications, etc.). The X-ray examination 
of the abdomen showed the presence of meleorism and ascites. Death 
occurred a few weeks later from tuberculous peritonitis. Bovine tubercle 
bacilli were, found (at, autopsy) in the mesenterial lymph nodes. 

The necropsy examination (performed by Prof. A. Lindau) gave the 
following result: Pericardium and pleural sac showed nothing abnormal. 
No enlarged nodes in the lung-hilum region. By pressing the lungs a 
yellowish, cloudy fluid was forced out of the bronchi. No evidence of tuber- 
culosis anywhere in the lungs. No infiltration, but a diffuse bronchitis. 
When the abdominal cavity was opened, a moderate quantity of a clear, 
serous fluid ran out. The intestines were tympanitically distended. The 
wall of the stomach had ruptured owing to autodigeslion, and a yellowish 
green, thick mush oozed out. The abdominal organs were fused together 
into a single packet and had to be removed in a body. Here and there 
between the intestinal coils there were caseous masses. The mesenterial 
lymph nodes were swollen and the cut surface was white and fatty. The 
retroperitoneal nodes were normal. The spleen was normal in appearance 
and consistency. No tubercles could be observed macroscopically. The 
liver was normal in size, pale but of normal outline. 

The necropsy diagnosis was: Peritonitis tuberculosa + Rachitis. 

A lG-monlh-old child with bovine primary infection of the 
abdomen and tuberculous peritonitis. Died. Bovine T.B. were found 
in the mesenterial lymph nodes. The source of infection was 
probably tuberculous cows on the farm. 


Case 17. Male, aged 10 months. Father, groom, Genarp. 

Parents and other children healthy. A half-brother, who had also 
consumed raw milk from the farm mentioned below, was admitted to hos- 
pital in 1939 under the diagnosis of lymphom. tbc. coll. + tbc. lympho- 
gland. bronchial. Bovine tubercle bacilli were found in the gastric lavage. 
(This case has not been included in the classification, as it occurred after 
the investigation had been terminated). 

The patient, born on 9tli June 1938, had been fed on mother’s milk for 
about G months, but from December 1938 to about 3 weeks before the onset 
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of the disease he had received raw milk from a herd, in which no less than 
13 cows were found to be affected with open pulmonary tuberculosis in a 
clinical examination made in November 1939. The source of infection in 
both the above cases may thus be said to be established. 

In April 1939 the patient had fever and loose stools (generally 3 evacua- 
tions daily, the stools being fetid and mucous). On the other hand, he had 
no vomitings. The tuberculin reaction was positive, and the sedimentation 
rate 36 mm. The cervical lymph nodes were normal. The radiograms of 
the lungs were normal, without any evidence (calcifications, etc.) of a pre- 
vious tuberculous infection. The radiogram of the abdomen revealed 
the presence of fluid in the abdomen. The diagnosis was tubercu- 
lous peritonitis. Death occurred some weeks later owing to a perfora- 
tion of a tuberculous intestinal ulcer. Bovine tubercle bacille ivm 
found at autopsy in the mesenterial lymph nodes and in pus from the ab- 
domen. 

The necropsy examination (performed by Dr. S. Winblad) gave the 
following result: The lung parenchyma was everywhere aeriferous. No 
evidence of pneumonia or tuberculosis anywhere. The peritoneum con- 
tained about 1 litre of a green, purulent fluid, indicative of a non-specific 
kind of peritonitis. Under the large layers of fibrin, which coated the serosa, 
there was, especially on the transverse mesocolon, a nodular tuberculous 
peritonitis. The surface of the liver was coated with peritonitic fibrin. No 
changes were observed on the cut surface. The spleen was normal in size and 
without any macroscopic changes on the cut surface. The pancreas and 
the bile ducts were normal. No changes could be seen in the stomach. In 
the intestinal mucosa, chiefly in the lower portion of the ileum, there were 
numerous, typical, tuberculous ulcers, sometimes in the form of rings. In 
the colon these ulcerations were extremely sparse. One of the ulcers in the 
lower ileum was perforated in the centre. No other spontaneous perfo- 
rations could be observed, but in separating the numerous fibrinous mem- 
branes, the intestine ruptured in several places, where it was obviously 
thin. The kidneys were normal in size and showed no changes on the cut 
surface. On the left side there was a constriction of the ureter, just at the 
location of the large packets of nodes in the ileocaecal region. There was 
also a slight distension above that point. 

The necropsy diagnosis was: Primary intestinal tuberculosis with mult- 
iple intestinal ulcers, tuberculosis of the mesenterial lymph nodes with 
caseous liquefactions, tuberculosis of the peritoneum + peritonitis from 
perforating intestinal ulcers. 

A 10-month-old child with fresh primary intestinal tuberculosis 
and tuberculosis of the peritoneum. Death took place owing to a 
perforation from an intestinal ulcer. Bovine T.B. were found 
in the mesenterial lymph nodes and in pus from the abdomen. 
The source of infection was probably tuberculous cows on the farm. 



41 


Case is. Female, aged 15 months. Father, unskilled labourer, 
Dalby. 

Father, healthy. In a radiogram of the abdomen the mother showed a 
conglomerate of hazel-nut-sized glandular calcifications as large as a goose’s 
egg situated in the median line on a level with L x and L 2 , also calcifica- 
tions the size of grains of rice in the upper part of the abdomen, which 
may represent calcifications in the liver, the spleen or the peritoneum 
(bovine tuberculosis?). A sister, who was admitted to hospital in 1938 
on account of a transient cloudy density, the size of the palm of a man’s 
hand, in the right middle lobe (broncliiopneumonia?) also showed a mass 
of bean-sized calcifications in the abdomen (calcified mesenterial nodes, 
bovine tuberculosis?). Another sister had a conglomerate of calcifications, 
together as large as a broad-bean, above the middle part of the sacrum 
(bovine tuberculosis?). Three other sisters had an increased rate of sedi- 
mentation for a long time, without any other morbid symptoms or demon- 
strable changes (abdominal lymph node tuberculosis?). 

The family obtained milk from a neighbouring farm, where a. cow was 
found to be affected with open pulmonary tuberculosis in June 1937. In 
October of the same year another cow was diagnosed with tuberculosis 
of the udder. Thus the source of infection may be regarded as established. 

In November 1937 the patient had a bean-sized nodule on the crown of 
the head, which soon increased in size and ruptured. The sore gradually 
became larger. A microscopic examination of the tissue showed no tuber- 
culous changes. Lymph nodes varying in size from a hazel-nut to a plum, 
however, were found on the neck right up to the nape. The patient was 
now tuberculin positive , after being negative in August of the same year. The 
rate of sedimentation was 32 mm. The radiograms of the lungs and the 
abdomen were normal. The gastric lavage contained bovine tubercle 
bacilli. 

A 15-month-old child belonging to a family showing signs of a 
previous tuberculosis of the abdominal lymph nodes (bovine?). 
The patient developed tuberculosis of the cervical lymph nodes due 
to a fresh bovine tuberculous infection. Bovine T.B. were present 
in the gastric lavage. The source of infection may have been 
tuberculous cows on a farm from which the family had obtained 
milk. The patient’s present health is good. 

Case 10. Male, aged 3. Father, farmer, Klasarod. 

Parents and other children in good health. The patient had drunk 
raw milk from the farm. No veterinary examination was made. The 
source of infection was not discovered. 

The patient had not previously shown any symptoms of tuberculous 
disease. In April 1937 he had parotitis. Shortly afterwards the mother 
noticed on the child’s neck a resistance, not quite as large as a hazel-nut, 
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which rapidly increased in size to that of a pigeon’s egg. The tuberculin 
reaction was positive. The liquefied lymphoma was scraped. The gram - 
lalions showed the usual appearance of tuberculosis and contained bovine 
tubercle bacilli. The radiograms of the lungs were normal, without any 
evidence (calcifications, etc.) of an earlier tuberculous infection. The 
roentgenographic examination of the abdomen revealed no calcified lymph 
nodes. The patient died from tuberculosis of the lymph nodes in February 
1938. 

Necropsy (performed by Dr. S. Winblad on 26th February 1938): 
On the left side of the neck there were large packets of lymph nodes, partly 
caseous, partly, haemorrhagically enlarged. No fistula running towards 
the larynx could be observed. The mucous membrane of the larynx 
appeared to be greatly swollen and was also wrinkled (due to a glottic 
oedema?). The larynx as well as the trachea were intensely reddened and 
coated with a greasy secretion, extending far down into the bronchi. Both 
lungs were firmly adherent. No tuberculous or other kind of foci were 
visible on the cut surface. The heart was normal. 

Minute white nodules (miliary tubercles?) were found on the surface 
of the liver and of the spleen, partly caseous lymph nodes, the size of 
almonds, in the angle between the coecum and the ileum. Large, swollen 
non-caseous lymph nodes along the radix mesenterii. In the intestinal 
lumen, in an area in the upper colon and the lower ileum, there 
were fresh, haemorrhagic ulcers in addition to an intense general swelling 
of the lymphatic areas. The kidneys showed no changes. 

Microscopic examination : The intestinal ulcers were found to be of a 
tuberculous nature. Miliary tuberculous foci in the lungs, the liver and the 
spleen. The meninges were intensely infiltrated with lymphocytes, but no 
tuberculous foci were discernible. The larynx was intensely inflamed, 
submueously infiltrated. No specific changes were present here. 

The necropsy diagnosis was: Gaseous primary tuberculosis of the lymph 
nodes on the leftside of the neck + caseous tuberculosis of the mesenterial 
lymph nodes at the coecal region -f tuberculosis of the mesenterial lymph 
nodes + intestinal tuberculosis of a haemorrhagic type '+ miliary disse- 
mination of tuberculosis in the lungs, the spleen and the liver + menin- 
gitis (tuberculous?) laryngitis (probably of streptococcal origin). 

A 3-year-old child with primary tuberculosis of the cervical lymph 
nodes and secondary tuberculosis of the lymph nodes in various 
places in the body and also miliary dissemination to several organs 
(lungs, spleen, liver, etc.). Died about 10 months after the disease 
had been diagnosed. Bovine T.B. in granulations from the lymph 
nodes. The source of infection was not discovered. 

Case 20. Male, aged 5. Father, farm-labourer, Sjobo. 

Parents and other children healthy. The patient had consumed raw 
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milk from a farm, tlie owner of which is a slaughterer and cattle-dealer and 
consequently frequently exchanges animals. Nothing is known as to 
whether tuberculosis had occurred among the animals or not. No veteri- 
nary examination was made. The source of infection has not been de- 
tected. 

The patient, who had not previously manifested any symptoms of 
tuberculous affection, had a sore throat in August 1937. In connexion 
with this affection there appeared on the neck a redness above a resistance, 
which the parents had not noticed previously. The tuberculin reaction 
was positive, and the sedimentation rate 10 mm. A conglomerate of en- 
larged lymph nodes, the size of a hen’s egg, could now be seen just below 
the right mandible. The diagnosis was: tuberculosis of the cervical lymph 
nodes -f tonsillar hypertrophy. In December the same year the nodes 
were scraped and extirpated, and in February 1938 tonsillectomy + 
abrasio were performed. On microscopic examination the tonsillar tissue 
showed well developed lymphatic tissue with numerous follicles, but no 
signs of tuberculosis. On cultivation, however, a few colonies appeared, 
which were found to be bovine. Radiograms of the lungs were normal, reveal- 
ing no signs (calcifications, etc.) of a previous tuberculous infection. The 
patient’s health is good and he has not manifested any symptoms from 
the nodes in the past year. 

A 5-year-old child with tuberculosis of the tonsils and cervical 
lymph nodes (primar} r complex?). Bovine T.B. in the tonsillar tissue. 
The source of infection was not found. The patient’s present health 
is good. 


Case 21. Female, aged 21. Married. Husband, stone-cutter, Bjorns- 
torp. 

Other members of the family healthy. During the years 1931 — 1935 the 
patient had been employed as milkmaid in different farms. It is not known 
whether tuberculosis occurred among the cattle on these farms. No clinical 
examination of the animals was performed. The patient got married in 
1935, and since then has purchased milk from farms in the vicinity. No 
veterinary examination of the cows was made. The source of infection has 
not been traced. 

In September 1937 the patient noticed a node as large as a walnut on 
the left side of the neck. During the first week this node was somewhat 
painful but afterwards the local symptoms disappeared. No abdominal 
symptoms. The tuberculin reaction was positive, the rate of sedimentation 
15 mm. The diagnosis was: tuberculous cervical lymphomata. The lympho- 
mata were excised and on microscopical examination were found to contain 
typical tuberculous changes. The tubercle bacilli were of the bovine type. 
The radiograms of the lungs were normal, revealing no evidence (calci- 
fications, etc.) of a previous tuberculous infection. 
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A 21-year-old woman with tuberculosis of the cervical lymph 
nodes. Bovine T.B. were present in the lymphomata. The source 
of infection was not detected. The patient’s health is at present 
good. 


Case 22 . Male, aged 17. Metal-worker, Arlov. Father, farm-labourer, 
0. Sallerup. 

Parents and brothers and sisters in good health. The patient has not 
milked or attended cows. The source of infection could not be traced. 

In 1934, when only 14 years of age, the patient had been treated at a 
hospital for tuberculosis of the cervical lymph nodes. Incisions were made 
on both sides of the neck. In October 193G he was again admitted owing 
to the appearance of new tuberculous lymph nodes on the neck. In 
February 193S he was admitted for the third time for the same affection, 
this time to Lund Hospital. The cervical nodes had increased in size, and 
the patient now felt fatigued. No abdominal complaints. The tuberculin 
reaction was positive and the sedimentation 19 mm. The nodes were 
punctured, later extirpated. Bovine tubercle bacilli were found in the punc- 
tate. 

A 17-year-old youth who had had tuberculosis of the cervical 
lymph nodes ever since he was 14 years of age. Bovine T.B. were 
found in the punctate from the tuberculous' nodes. The patient's 
present health is good. The source of infection was not discovered. 

Cose 23. Male, aged 7. Father, taxi-driver, Lund. 

The family history is free from tuberculosis. Five cousins of the 
mother, however, have died from tuberculosis. Four of them died before 
the patient was born, the fifth, who died in 1934-, the patient met only 
once during a short visit. The family lived previously at the village of 
Ldddekopinge. Milk was purchased from travelling salesmen. The milk 
was not pasteurised or from non-reactive cows. The tuberculous changes 
appeared about G months after the family had moved to Lund, where the 
milk was bought at a milk-shop. The source of infection has not been 
traced. 

Tuberculosis of the cervical lymph nodes was observed in 1935, for 
which the patient was treated several times at a seaside sanatorium. In 
October 193G he developed quinsy and acute left-sided otitis and mastoid- 
itis. Mastoidectomy was made. In December the same year a bila- 
teral tonsillectomy was also performed. Tuberculous changes were found 
in the tonsillar specimen. The tubercle bacilli were of the bovine type. The 
patient is at present troubled with asthma. 

A 7-year-old boy with tuberculosis of the cervical lymph nodes and 
tuberculosis of- the tonsils (primary complex?). Bovine T.B. were 
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fcnind in the tonsillar tissue. The source of infection has not been 
discovered. Apart from the asthma, the patient’s present health is 
good. 


Case 24. Female, aged 4. Father, transport-worker, Trelleborg. 

The grandmother on the father’s side died from pulmonary tuberculosis. 
An aunt has pulmonary tuberculosis of human origin but has been 
non-infectious since November 1937. Three children of this aunt have 
tuberculosis. One of them has tuberculosis of the bronchial lymph nodes, 
another tuberculosis of the loft lung (non-baciilary), while the third had 
an exudative pleurisy in 1938 and has now also developed tuberculous 
osteitis. The father has a healed pulmonary tuberculosis. The mother 
and the other children are healthy. The family obtained milk from a dairy 
at. Trelleborg. The patient has met his aunt and cousins only a few limes. 
The source of infection has not been established. 

At the age of 2 years the patient had phlyctcna and at about the same 
time a nodule on the neck. This nodule gradually increased in size, espe- 
cially in connexion with a cold in April 193S. The tuberculin reaction was 
at that time positive and I he sedimentation rate 12 mm. Radiographic 
examination of the lungs revealed a right-sided hilar adenitis and a central 
parenchymal density on the same side, which subsequently disappeared, 
however, after a short time. Calcified spots could be shown roentgenolo- 
gicallv in the enlarged cervical nodes but not within the regions of the 
lungs and hili. Bovine tubercle bacilli were found in the gastric lavage. While 
at the hospital the patient again developed phlyctenular keratoconjunct- 
ivitis. The patient is at present well. 

A l-year-old child, belonging to a tuberculous family, with 
phlyctcna, tuberculosis of the cervical lymph nodes and transient in- 
filtration in the right lung with hilar adenitis. Bovine T.B. in the 
gastric lavage. The source of infection was not traced. The patient’s 
present health is good. 


Case 25. Male, aged 5. Father, farmer, Onslunda. 

The grandfather on the father’s side has pulmonary tuberculosis 
(bacilli of the human type), but the patient has met him only a few times. 
An uncle had pulmonary tuberculosis during his military service 10 years 
ago, but is at present quite healthy. The parents and other children of the 
family are in good health. The father is a cattle-dealer and keeps the 
purchased animals in his possession for only a week or so. The family have 
consumed raw milk from cows belonging to the farm. It is not known 
whether bovine tuberculosis occurred or not. 

In February 1936 the patient began to walk with a limp in the right leg 
and had a pain in the right knee. Ultimately he preferred to remain sitting 
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rather than walk about. The pain increased, becoming more and mot. 
intense. He was not admitted to hospital for treatment until October 
1936, when the diagnosis of coxit. tbc. dx. c. abscess, was made. The tuber 
culin reaction was positive, the rate of sedimentation 30 mm. Bow 
tubercle bacilli were found in the punctate from the abscess. Radiographv of 
the lungs was normal, the films showed no signs (calcifications, etc.) oi a 
previous tuberculous infection. The patient is at present doing well ami 
attends school regularly. 

A 5-year-old child, belonging to a tuberculous family, with 
severe tuberculosis of the hip-joint and an abscess. Bovine T.B. 
present in the abscess. The source of infection is not known. The 
patient’s present health is good. 


Case SC. Male (blind and imbecile), aged 20. Father, tenant-farmer, 
Dalby. 

An uncle has a healed tuberculous spondylitis. The parents and other 
children are healthy. Tuberculosis has, however, occurred in the animat 
on the farm. The patient lived at home until he was 11 years old, but had 
afterwards been at a Home for the Blind affected with Complicated Physical 
Defects. However, he used to spend the summer months at home and 
it is quite possible that he contracted bovine infection while living there. 
No veterinary investigation was performed. The source of infection was 
not traced. 

The patient had a normal birth. On the third day of life he was seized 
with cramp. Blindness was noticed when he was 9 months old. He learned 
to walk and speak in normal time. He had epileptic fits occasionally. 
Signs of a gluteal abscess appeared in February 1936. The tuberculin 
reaction was then positive, and the rate of sedimentation 50 mm. No radio- 
grams of the lungs were taken, but an X-ray film of the skeleton revealed 
a walnut-sized tuberculous focus in the posterior part of the os ileum. 
500 cm 3 of a thick, brownish, odourless fluid, containing bovine tubercle 
bacilli, was drained from the abscess. The condition then rapidly de- 
teriorated and the patient died in June the same year. 

A 20-year-old man (blind and imbecile) with bone tuberculosis and 
an abscess. Died. Bovine T.B. were found in the punctate from 
the abscess. The source of infection was not discovered. 


Case 27. Male, aged 6. Father, manufacturer, B&stad. 

Parents healthy. A younger brother, aged 2 years, in good health- i » 
tuberculosis in the family history. The source of infection could not 8 
traced. Milk was obtained from a dairy. 
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In January 193G the patient felt tired, had a poor appetite, vomitings 
and fever, lie lost so much freight that he eventually became nothing but 
#skin and honest Albumin appeared in the urine. During a long confine- 
ment lo bed his condition gradually improved and the albuminuria 
disappeared. After getting up the patient was observed to have a difficulty 
in walking. He had no pain, however, but in April 193G be began to drag 
the right leg. The leg now felt weaker, sometimes it also ached. The diag- 
nosis of tuberculosis of the right trochanter with abscess was made in 
September, which involved a long period of treatment. The tuberculin 
reaction was strongly positive, the sedimentation rate 59 mm. Bovine 
tubercle bacilli were found in the punctate from the abscess. The patient’s 
present health is good and he is able to attend school. . 

A 6-year-old boy with bone tuberculosis and an abscess. Bovine 
T.B. present in the punctate from the abscess. The source of in- 
fection is not known. The patient is at present in good heatlth. 


Case 2S. Female, aged 62. Husband, farmer, Aggarp. 

The .parents died from decrepitude. A brother died from pneumonia 
(in association with measles). Other brothers and sisters healthy. The 
husband and the daughter (35 years of age) are in good health. The family 
kept a farm 2 years ago, usually having a herd of 4 cows, the milk from 
which was used at home. The patient milked the cows herself, and the 
animals are said to have been in good health. The farm was sold 2 years 
ago, but the patient, is still living in the farm-house. The source of infection 
has not been traced. 

In August 1932 the patient had pain in the right elbow-joint, which at 
Christmas-time the same year became red and swollen. In 1933 she was 
treated at a hospital for 3 months for the. epicond. med. humeri dx. An 
excision of a fistula and scraping the tuberculous focus were performed. 
She was again admitted to hospital in 1937 and was treated for 8 months 
for the. cubiti dx. c. abscess. The punctate from the abscess contained bovine 
tubercle bacilli. The X-ray examination of the lungs revealed a calcified 
primary complex within the region of the right lung and lulus. The radio- 
grams of the abdomen showed nothing abnormal. The patient’s condition 
is at present rather poor, but is due to decrepitude (permanently bedridden) 
and not to her earlier tuberculosis. In April 1940 the radiograms of the 
lungs were normal. 

A G2-year-old woman, who 5 years previously had ibc. epicond. 
med. humeri dx., now developed Ibc. cubili dx. c. abscess. A calci- 
fied primary complex could be observed in the area of the right lung 
and hilus. Bovine T.B. vcrc present in the punctate from the 
abscess. The source of infection has not been traced. The patient’s 
present health is very poor (decrepitude). 
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Case 29. Female, aged 20. Unmarried, living al home. Father, farms 
Loberod. 

Parents healthy. A twin-brother died in infancy (cause of illness?) 
A brother died from pulmonary tuberculosis in 1935 (the bacilli were not 
typed); a sister was primarily infected in the same year (the X-rav |j| m 
of the lungs showed a typical picture of a tuberculous primary complex) 
The family used the milk from their own cows, which on veterinary exa- 
mination were found to he in good health. The patient also took pari in 
milking. The source of infection may have been the brother who died in 
1935. 

In January 1937 the patient had pain and swelling in the right hnce- 
joint. The tuberculin reaction was positive, the rate of sedimentation 25 mm. 
The diagnosis was: Gonit. the. Bovine tubercle bacilli were found in the 
punctate front the hnen-joint. Radiographic examination of the longs 
in April 1937 revealed several rather large spots centrally on the left 
side. The lung changes regressed very slowly. Guinea-pig tests with 
sputum gave negative results. No cervical node tuberculosis occurred. 
Radiography of the abdomen made in September 1938 showed nothing 
abnormal. 

A 29-vear-old woman with tuberculosis of the kuce-joinl and 
pulmonanj tuberculosis. Bovine T.B. could be. shown only in the 
punctate from the knee-joint. The source of infection was perhaps 
a brother who died from pulmonary tuberculosis in 1935. The 
patient’s health is at present good. 


Case 30. Male, aged 29. Agent, Lund. 

Parents and other children, the patient’s wife and children in good 
health. Ever since youth the patient had temporary employment at 
different farms, where he also look part in milking. He has con- 
sumed raw milk. It is not known whether tuberculosis occurred among 
Hie cattle lie came into contact with. In recent, years the patient lias 
been working as an agent in Lund. The milk has been obtained from 
a dairy in the town. It has not been possible to trace the source ol 
infection. 

In April 1935 the patient had epididymit. ac. sept. supp. An abscess 
cavity, containing staphylococcus pus, was drained. Guinea-pig tests 
with urine gave positive results. The patient was now recommended logo 
to hospital for treatment, hut he refused to do so. He did not return for 
examination until February 1939, when he was found to have a resistance 
the size of a hen’s egg in the right half of the scrotum, in the anterior 
part of which the testis could be defined. The orifice of a fistula could 
be seen on the outside of the scrotum. New guinea-pig inoculations 
with urine were made, which showed the presence of bovine tubercle bacilli. 
The rate of sedimentation was 7 mm. No definite evidence of renal tu 
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berculosis was obtained however. The diagnosis was: Fistula scroti 
post epididymil. tuberculosa. The patient is at present doing well and 
is able to work. The symptoms from the urogenital organs are only 
slight. 

A 29-vear-old man with tuberculosis in the right epididymis 
(kidneys?). Bovine T.B. in the urine. The source of infection was 
not discovered. The patient’s present health is good. He is fully 
capable of working. 


Case si. Female, aged 23. Domestic servant, Lund. Father, far- 
mer. 

The father died from pulmonary tuberculosis in 1912, the mother 
from heart disease in 1927. Up to 1935 the patient lived in the country 
(at Xorrvidinge), where she drank raw milk from tuberculin-reactive 
cows. She also look part in milking. Nothing definite is known as 
to whether tuberculous changes occurred among the cattle. After 
1935 she was employed, a short time before the onset of the disease, 
n? a domestic servant in Lund. The source of infection has not been 
traced. 

In February 193G the patient became acutely ill with frequent mict- 
uritions and pain in the left side oj the abdomen, radiating out towards the 
hack and down towards the urethra; she was treated for a short lime at a 
hospital under the suspicion of nephrolithiasis and renal tuberculosis. The 
rate of sedimentation was 5 ihm. In May the same year she was re-ad- 
mitted to hospital. The diagnosis was: Bursitis the. luberosit. tibiae et 
nephropathia sin. (t be.? calculi?). Guinea-pig tests with urine were 
later positive, and the bacilli were found to be oj the bovine type. The 
left kidney was removed in July 193G, minor tuberculous changes being 
found in the tissue. The lowest papilla of the kidney was ulcerated. In 
the corresponding pyramid there were some non-liquified tubercles. The 
radiographic examination of the lungs made at that time and in Oc- 
tober 1910 showed nothing abnormal, no evidence (calcifications, etc.) 
of a previous tuberculous infection could be seen. The patient is 
doing well. 

A 23-year-old woman with bursitis tbc. tuberosil. tibiae et tbc. 
rcn. sin. Bovine T.B. in the urine. The patient’s present health is 
good. The source of infection was not found. 

Case 32. Female, aged 28. Wife of a brick-yard worker, Anderslov. 

No family history of tuberculosis. Before getting married the patient 
was employed as milkmaid at a farm and had consumed raw milk. It is not 
known whether tuberculosis occurred among the cattle. The source of 
infection was not found. 
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In September 1918 the patient noticed that the urine was r„l,r i ■ 
colour. Some months later she complained of painful and freouen 

';°“ s and . a Jf" “<'«■ l'l< Left-sided renal LLZoS'Z 

diagnosed. Nephrectomy was performed in February 1919 r n t1 ° 5 

part of the kidney extensive cavernous lesions. ' The patient did well T 
the operation but had to nrinate 3~, l im es at nighS every «'! 

md hour in the day In April 1936 she felt a tenderness beloiv the right 
costal arch, which led to a re-examination. The urine again showed™ 
aseptic pyuria. Guinea-pig inoculations with urine gave positive results. 
Bovine tubercle bacilli were found. The present health of the patient is 
good. 1 


A 28-year-old woman with bilateral renal tuberculosis. Bovine 
l.B. in the urine. The source of infection was not discovered. 
The patient’s present health is good. 


Case 33. Female, aged 28. Shop-assistant, Vollsjo. 

The father died in 1914, insane. The mother and other children of the 
family healthy. The patient, who was born at Gavle, lived for some years 
at A1 vesta, afterwards in the country village of Vollsjo. Since the age 
of 14—15 she has been assisting her mother in the latter’s shop. She has 
never had anything to do with cattle. The milk was obtained from a milk- 
shop. 'the source of infection has not been traced. 

In October 1932 the patient had severe attacks of pain in the left side 
of the back, at about the lower margin of the chest. The pain felt like 
stabs and radiated up towards the left shoulder. The attacks recurred 
later at intervals of a few months. In May 1933 she began to complain 
of frequent micturition . On examination the patient was found to be tuber- 
culin positive and to have a sedimentation rate of 58 mm. Aseptic pyuria 
was diagnosed, due to a left-sided renal tuberculosis. The radiogram of 
the lungs was normal. Nephrectomy was performed almost immediately. 
Ihe parenchyma of the kidney was dotted with tubercles, particularly 
the central portion. In October 1934 guinea-pig inoculations with urine 
from the right kidney also gave positive results. Another test made in 
March 1936 gave the same result. The tubercle bacilli were of the bovine type. 
The patient died in May 1937. 

A 28-year-old. woman with bilateral tuberculosis of the kidney, 
which led to the patient’s death about 4 years after the onset of 
the disease. Bovine T.B. were demonstrated in the urine. The 
source of infection was not traced. 


Case 34. Male, aged 25. Plumber, Halsingborg. 

The father died from a cerebral haemorrhage in 1925, and the mother 
met with a fatal accident in 1914. In 1914 the patient moved from the 
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parish of Kalina lo ILilsingborg. From 1925 lo 1930 he was employed as 
errand-boy, and from 1930 lo 1933 as driver of a butcher’s delivery van. In 
193-1, after complet ing his military service, he was at, a labour camp. Since 
1935 he has been employed as plumber at Ilalsingborg. The source of in- 
fection was not discovered. 

In May 193G the patient had a pain in the left side of the abdomen, which 
radiated towards the hack, not downwards. No urinary symptoms. The 
tuberculin reaction was positive and the rate of sedimentation '11 mm. 
The examination of the urine showed the presence of aseptic pyuria. Bovine 
tubercle bacilli acre found in the urine. Radiographic examination of the 
lungs showed residues of a healed left-sided primary complex (calcifica- 
tions), but otherwise nothing abnormal. The radiogram of the abdomen 
revealed no signs of calcified lymph nodes. The subsequent examination 
showed the presence of a bilateral renal tuberculosis. Left-sided nephrect- 
omy was performed in 193S. The entire kidney was interspersed with 
cavities, containing caseous matter, up to the size of Spanish mils. Further, 
both old and fresh changes could be seen in the kidney. Tuberculous 
ulcerations were found in the left ureter. 

A 25-yonr-old man with bilateral tuberculosis of the kidncij and 
signs ( calcifications ) of an earlier tuberculous affection of the hilum 
and the. lung (primary complex). Bovine T.B. in the urine. The 
patient’s health is at present good. The source of infection was not 
traced. 

Case 35. Male, aged 31. Taxi-driver, Lund. 

A sister died of pulmonary tuberculosis in 1925. The parents and other 
children in good health. The patient was born in Lund hut spent the first 
18 years of his life in the country outside the city, where he came into 
contact with cattle and drank raw milk. lie did not milk cows. If is not 
known whether tuberculosis occurred among the cattle. At the age of IS 
he moved to Gothenburg, but returned to Lund in 1925. The source or 
infection has not been found. 

About 3 — -1 years ago the patient had for a short time gastric trouble 
after eating. lie was then well until the summer of 1937, when he fell 
fatigued and lost his appetite. At Christmas-time he developed a cough, had 
a stitch in the right side of the chest and fever. The pain in the chest recurred 
at intervals later. During the spring and summer of 193S the patient, was 
admitted on three different occasions lo a hospital. He was then tuberculin 
positive, and the rate of sedimentation was greatly increased (!)G mm on 
the first admission). The abdominal radiogram showed abundant calcified 
lymph nodes in the median lino all the way from TUxn down to Ihe- 
central part of the sacrum. The radiograms of the lungs were normal, 
without any evidence (calcifications, etc.) of a previous tuberculous in- 
fection. The right renal shadow was greatly enlarged, with a well-defined,. 
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round swelling, fully as large as a man’s fist, in the upper part Th P , k 
? uent examination established the diagnosis of a right sided renaH ,h 
losis. Nephrectomy was performed in May 1938. The lddnev ^ 1 '™' 
and pyonephrotic. The Sac was made parlly „ 2 
tissue, containing tubercles. Pus from the sac was found to cental 

working baClUi ‘ The patient is at P resent wel1 and is fully capable™! 


A 34-year-old man with signs of an old tuberculosis of the abdo- 
minal nodes and a fresh right-sided renal tuberculosis. Bovine T.B. 
were found in pus from a pyonephrotic sac. The patient’s present 
health is good. The source of infection was not found. 


Case 36. Female, aged 34. Microscopist, I-Iorby. 

Parents and other children of the family healthy. Since 1922 the patient 
has been employed as microscopist at the I-Iorby slaughter-house, where 
she naturally came into contact with bovine tuberculous material. She 
generally obtained milk (pasteurised) from a dairy, but during certain 
periods procured it from farms in the vicinity. The source of infection has 
not been traced (the slaughter-house?). 

On several occasions the patient was troubled with a severe cystitis. 
For that reason she was admitted to hospital for observation in October 
1938. She was then tuberculin positive and had a sedimentation rate of 
50 mm. Aseptic pyuria was diagnosed. Intravenous pyelography showed 
nothing abnormal on the right side, but on the left side the contrast filling 
of the renal pelvis was greatly delayed. The abdominal radiogram revealed 
calcified lymph nodes. On the other hand, the radiograms of the lungs 
showed normal conditions, no evidence (calcifications, etc.) of a previous 
tuberculous infection being seen. The subsequent examination disclosed 
the presence of a left-sided renal tuberculosis. The tubercle bacilli present 
in the urine were of bovine type. Left-sided nephrectomy was performed in 
January 1939. The kidney was interspersed with cystic, tuberculous 
cavities. The patient is at present remarkably well and is able to carry 
on her work. 

A 34-year-old woman with signs of an old tuberculosis of the. 
abdominal nodes and a fresh left-sided renal tuberculosis. Bovine T.B. 
were demonstrated in the urine. The patient’s present health is 
good. The source of infection was not discovered (the slaughter- 
house?). ' 


Case 37. Male, aged 25. Farm-labourer, Jarrestad. 

The family is healthy and without any evidence of tuberculosis. I bo 
patient has been employed as labourer at different farms, where he also 
milked cows and .consumed raw milk. It is not known whether tuber- 
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miosis occurred among the cattle. Xo veterinary inspection was made. 
The source of infection has not been traced. 

In June 1037 the patient had a right-sided renal colic and bladder trouble. 
The symptoms recurred at short intervals. The examination disclosed 
that he was tuberculin positive and that t he rate of sedimentation was only 
o mm. The radiograms of the lungs were normal, without any signs (calci- 
t nat ions, etc.) of a previous tuberculous infection. The urine contained 
abundant pus cells and. when typed, the tubercle bacilli were found to be 
biicinr. The subsequent examination revealed the presence of a right- 
-ided renal tuberculosis. Nephrectomy was not performed until January 
103, s. In about the middle of the kidney there was an almost infarct-like 
area about the size of a hazel-nut, containing dense, partly caseous, miliary 
nodules. Solitary tuberculous nodules were also met with in the right 
ureter. The patient is at present well. 

A 25-ycar-old man with rigid-sided renal tuberculosis. Bovine 
T.B. in the urine. The patient’s present health is good. The source 
of infection was not found. 

Case J.v. Male, aged 32. Iluilding-trade operative, Xordana. 

The parents died at an advanced age (not tuberculosis); a brother 
died in childhood of hip-joint tuberculosis. Otherwise the family is in good 
health, without any evidence of tuberculosis. The patient has always 
lived in the village of Xordana. I'p to 1027 he worked as a farm-labourer 
• also milked and drank raw milk), since then he has been employed 
as a building-trade operative. The source of infection has not been 
traced. 

In ltUG the patient had a left-sided exudative pleurisy. In April 1931 
epididvmit. et vesiculit. seminal, dx. the. (and the. reois dx.?) was diag- 
nosed. To a tuberculin test made now for the first time he gave a positive 
reaction. The rate of sedimentation was 18 mm. The radiographic examin- 
ation of the lungs revealed, in addition to a left-sided pleuritic residue, 
also large calcified spots in the left superclavictilar region, but no 
calcifications in the hilar regions. In June 1931 ablation of the right 
testis was performed. In the following year the patient, developed tuber- 
culosis of the left epididymis, which necessitated epididymeclomy. In 
August 1935 aseptic pyuria was diagnosed. Tubercle bacilli were found in 
the urine. Guinea-pig tests with urine from both kidneys gave positive 
results in March 1930. Diabetes mellitus and right-sided exudative pleu- 
risy developed in April 1937. Inoculations of the pleural fluid into guinea- 
pigs gave negative results. The bacilli present in the urine were typed and x 
found to be bovine. A re-examination in December 1939 gave the same 
result. An X-ray examination of the abdomen did not reveal any calci- 
fications. The cervical lymph nodes were normal. The patient’s present 
condition is astonishingly good. 
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A 32-year-oIcI man with healed residues of an earlier tuberculous 
process in ihe left apical field. Later the patient, in addition to 
diabetes mellitus, showed one tuberculous manifestation after the 
other (in 1916 lefi-sided exudative pleurisy, in 1934 right-siikd 
epididymitis and tuberculosis of the right seminal vesicle, in 19& 
left-sided epididymitis and bilateral renal tuberculosis, in 1937 right- 
sided exudative pleurisy). The patient’s condition is nevertheless 
surprisingly good. Bovine T.B. in the urine. The source of infec- 
tion was not found. 

Case 30. Female, aged 18. Domestic servant, Malmo. (Father, farmer, 
Kulladal). 

Parents and other children of the family in good health. Until the age 
of 14 the patient lived in the country. During 1930 — 1933 she was em- 
ployed as domestic servant at different places, mostly in Malmo, and later, 
up to June 1934, at different farms. She often dranjr raw milk, but never 
had anything to do with tending cattle or milking. No information is 
available as to whether tuberculosis occurred among the cattle on these 
farms. The source of infection could not be traced. 

In May 1935 the patient had erythema nodosum. After an intervening 
period of good health she again became ill in March 1937. She felt more 
and more fatigued and had a fever. On examination she was found to be 
affected with a right-sided pulmonary tuberculosis. The radiograms 
showed a mottled density within Scl — In, which laterally in In coalesced 
into a spot hardly as large as a hazel-nut. On the other hand, no evidence 
of a previous primary complex was discernible. No tubercle bacilli were 
found in the sputum or in the stomach washing. An X-ray examination 
of the abdomen revealed no abnormalities. The lymph nodes of the neck 
were normal. The lung changes have since progressed a little, but are 
still non-bacillary. In 193S aseptic pyuria was diagnosed. The subsequent 
examination gave the diagnosis of right-sided renal tuberculosis. The 
sedimentation rate was 21 mm. Bovine tubercle bacilli were found in the 
urine. In spite of the fact that no operation has yet been performed the 
patient’s health is good. 

An 18-year-old woman wlio, at the age of 16 years, had erythema 
nodosum. Two years later she had pulmonary tuberculosis and renal 
tuberculosis. Bovine T.B. were found in the urine. The patient s 
health is at present good. The source of infection was not discov- 
ered. 

Case JO. Male, aged 68. Farmer, Rynge. 

The parents died of decrepitude. The patient’s wife shows evidence of 
a healed pulmonary tuberculosis. There are no children, nor any brothers 



55 


or sisters. Until about 15 years ago the patient was a stone-cutter, then 
he procured a small farm, but about a year ago lie let it. No bovine tuber- 
culosis is said to have occurred on the farm. The source of infection was 
not traced. 

For the past year (1037) the patient has fell fatigued and lost very much 
weight (about 20 kilos). Six months ago be began to complain of a severe 
thirst. Diabetes mellitus was diagnosed in July 1038. On account of a 
feeling of unsteadiness on his legs and dyspnoea he was admitted to hospital 
in August the same year. lie was then tuberculin positive and had a sedi- 
mentation rate of 52 mm. No enlarged lymph nodes occurred on the neck. 
\ - ray examination of the lungs revealed seemingly rather slight changes, 
in (lie centre of (he loft lung field there was a slightly striated and somewhat 
mottled opacity about the size of the palm of a man’s hand, and behind 
the right C 5 a cloudy spot scarcely as large as a walnut with a central 
rarefaction (cavity) (Fig. ll). No evidence of a previous primary complex 
could be seen in the regions of the lungs and liili. Bovine tubercle bacilli 
occurred abundantly in the sputum. The patient’s general condition became 
gradually worse, probably due chiefly to the diabetes, and he died in 
February 1030. As the patient was too weak to return for a control 
examination, no records are available of the development of the pul- 
monary tuberculosis during the last six months of life. There was no 
necropsy. 

A GS-vcar-oId man with diabetes mellitus and bilateral tuberculous 
changes , at firsl relatively benign, in Ike lungs (a small cavity). 
Bovine T.B. in the sputum. Death look place, about 6 months after 
the establishment of Ihc diagnosis, probably due chiefly to t he diabetes. 
The source of infection was not discovered. 


Case tJ. Male, aged 10. Textile worker. Furulund. 

The mother died of pneumonia at the age of 00. and a brother after a 
renal operation at the age of 10. Otherwise the family is healthy and 
without any evidence of tuberculosis. Milk was obtained from the village 
milk-shop, which received its supplies from a farm with a non-reaetive 
herd. The milk was not pasteurised. The patient had not milked or tended 
cattle. No veterinary inspection had been made. The source of infection 
was not traced. 

In March 1038 the patient became hoarse and began to eouglt. The 
cough became gradually worse; abundant yellowish sputum was present. 
The following month he developed fever, had night sweats, loss of appetite 
and wasting. An examination showed that he was tuberculin positive 
and had a sedimentation rate of 35 mm. No enlarged lymph nodes 
appeared ou the neck. Radiograms of the lungs revealed a mottled density 
and pleural coating in both apical fields. The changes were somewhat 
more pronounced on the right side. At the base of the left lung — close 
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Fig. 11. 

Case JO. A farmer aged 68 with diabetes mellitus and bilateral pulmonary tuber- 
culosis. When the diagnosis was made (see above) there appeared in the left 
lung field a sparse, striated, partly mottled shadow, and behind the right C ; 
a cloudy spot, barely the size of a walnut, with central rarefaction (a cavity). 
Bovine tubercle bacilli were found abundantly in the sputum. The patient (lied 
about 6 months after the diagnosis of the pulmonary affection. 


lo the apex of the heart — there was also a mottled shadow. No residues 
of a previous primary infection could be observed (Fig. 12). Abundant 
bovine tubercle bacilli were found in the sputum. The basal changes have 
gradually disappeared altogether, while only small residues remain of the 
apical changes. The patient is at present doing well and is able to work. 

A 40-year-old man with bilateral, rather benign bovine pulmonary 
tuberculosis, which has undergone regression. Bovine T.B. in the 
sputum. T he patient’s present health is good. The source of infection 
was not discovered. 
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l-i«. 12. 

( .11 si' II. A 10-vear-oht textile worker with bilateral pulmonary tuberculosis. 
(lie picture shows t lit* condition when the disease was diagnosed. In both 
apical fields there was a mottled opacity and pleural coaling, not very clear in 
Uie picture. A corresponding change was also discernible at the base of the 
left long. I loot nr tubercle bacilli were abundantly present in the sputum. The 
changes have since regressed. The present health is good. 

Case Male, aged 211. Cowman, l.bddesborg. 

An aunt has had an exudative pleurisy, but is now in good health. The 
father died of pulmonary tuberculosis (bilateral, cavernous phthisis; the 
bacteria were not typed! in 1 025. A sister had pulmonary tuberculosis 
of human origin in 1022. The mother and the oilier children of the family 
are in good health. 

The patient has seldom met his (tiboreulous sister, lie lias been 
employed as cowman at different farms, llovine tuberculosis occasionally 
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occurred among the cattle lie came in contact with, lie has milked and 
also consumed Taw milk. 

On account of the sister’s illness the patient was examined in 1933 
hut no tuberculous changes could be observed (the X-ray examination 
was also negative). In l he beginning of October 1937 the patient complained 
of headache , cold in the head and cough. The two first-mentioned symptoms 
soon disappeared, but the cough obstinately remained. In November lie 
had haemoptysis, which necessitated admission to hospital, llcwas then 
tuberculin positive and bad a sedimentation rale of <> min. The cervical 
lymph nodes were not. enlarged. The radiographic examination revealed 
a cloudy opacity with a rarefaction the sir.e of a cherry (probably a small 
cavity, see Fig. 13) in the rigid supraclavicular region. Otherwise the lung 
fields were entirely normal. No calcifications suggestive of an earlier pri- 
mary lesion could be observed in the areas of the lungs and hili. Nor did 
the radiography of the abdomen show any calcified lymph nodes. Bovine 
tubercle bacilli were sparsely found in the sputum. The patient received 
sanatorium care. The changes underwent a slow regression. Only very 
small residues remain at present. The patient feels well and is able to 
work full time. 

A 23-year-old man with righl-si<h'<l pulmonary tuberculosis (a 
fresh capihf), which regressed Idler. Bovine T.B. in the sputum. The 
patient’s health is at present good. The source of infection was not 
traced. 


Case 43. Male, aged 10. Farm-labourer, Osbyholm. (Father, tenant- 
farmer). 

The parents and two of the children in good health. A sister of the 
patient had erythema nodosum in 1939 but did not cither then or later 
show any other signs of tuberculosis. The patient, who was born and 
brought up in the country, has tended cattle and milked cows, lie has also 
consumed raw milk. The veterinary inspection indicated that the patient 
could not have been infected by the cows belonging to the farm, lie may 
have transmitted the disease to the sister who had erythema nodosum. 
The source of infection was not detected. 

Owing to his sister’s illness the patient was examined in March 1939. 
Although he had felt quite well all the time an X-ray examination revealed 
Ihe presence of a cloudy shadow, nearly as large as a walnut, medially 
in the left In. The left hilar region was somewhat enlarged and condenser . 
Striated opacities occurred in the left Ij — Iji- No signs of an earlier .primary 
tuberculous infection could be observed. No cervical node tuberculosis 
occurred. The patient was tuberculin positive and bad a sedimentation 
rate of 2G nun. Bovine tubercle bacilli were demonstrated in the gastric 
lavage. The changes have since regressed. The patient’s present liealt 1 
is good. 
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Fig. 13. 

Case 42. A cowman, aged 23, with right-sided pulmonary tuberculosis. The 
picture shows the appearance of the lesions when the disease was diagnosed. 
In tiie right supraclavicular region there was a cloudy opacity, in the centre 
of which there occurred a rarefaction as large as a cherry (probably a small 
cavity). Bovine tubercle bacilli were sparingly found in the sputum. The changes 
have since undergone regression. The present health is good. 

A 16-year-old youth with lefl-sidcd pulmonary tuberculosis, 
which later regressed. Bovine T.B. in the gastric lavage. His 
health is at present good. The source of infection was not discovered. 


Case 44. Female, aged 2G. Typist, Limhamn. 

The father is in good health. The mother died of pericarditis. A brother 
died of pulmonary tuberculosis (unfortunately the bacteria were not typed) 
in 1938. The source of infection was not found. The patient has not been 
in contact with cattle, lias not milked or, as far as she is aware, consumed 
raw milk. 

The patient fell quite well until October 1931, when she began to cough 
and gradually also to expectorate. Otherwise she felt in good health and 
carried on her work as usual. The cough persisted, but did not give occasion 
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Case 44. An unmarried woman aged 26 years, typist, with bilateral pulmonary 
tuberculosis. \\ hen the affection was diagnosed (see above) there were mottled, 
cloudy changes with bronchiectasis in the right Scl — Ini and small spots and 
stunted shadows in the left Scl— Ii. Bovine tubercle bacilli were abundanlhj 
present in the sputum. In spite of bilateral pneumothorax treatment the changes 
have lately progressed. The condition must now be regarded as hopeless. 


for an examination until January 1939, when a bilateral pulmonary tubes'- 
< ulosis was diagnosed. Abundant bovine tubercle bacilli were present in the 
sputum. The patient was tuberculin positive and showed a sedimentation 
tale of 82 mm. Xo tuberculosis of the cervical nodes could be found nor 
etidence of a previous tuberculous infection in the regions of the 
ungs and hili. The radiographic examination revealed mottled, cloudy 
changes with bronchiectasis within the right Scl— I m ; small spots and 
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striated shadows were also seen within the left Bel — -I j (Fig. 14). Right- 
sided pneumothorax was at once induced, hut was only temporarily effec- 
tive as the upper part of the lung adhered to the chest wall and could 
not be divided by cauterisation. The patient’s general condition at first 
improved, the rate of sedimentation fell and she increased in weight. But 
already in March the same year a right-sided exudation developed, which 
brought about fever and an increasing deterioration of the general condi- 
tion. Left-sided pneumothorax was induced in September 193!). But here, 
too. the collapse of the lung was incomplete. Serious haemoptyses occurred. 
Since then the condition has gradually grown worse and is now absolutely 
hopeless. 

A 26-year-olcl woman with extensive, bilateral pulmonary tuber- 
culosis (no cavitation), which despite pneumothorax treatment 
on both sides has steadily progressed. The condition is hopeless. 
Bovine T.B. in the sputum. The source of infection has not been 
found (the brother?). 

Case fS. Male, aged 10. Cowman, Klagshamn. 

The parents died at an advanced age (not from tuberculosis). The 
patient’s brothers and sisters, his wife and children are healthy. Two 
nephews have pulmonary tuberculosis (human tubercle bacilli). From 
1910 to 1929 (11 — 33 years old) the patient was employed as labourer at 
different farms. He afterwards worked at a lime-stone quarry until 1936 
and since then he has been employed as cowman at a farm outside the 
village of Klagshamn. lie has milked cows and consumed raw milk. No 
bovine tuberculosis is said to have occurred at the last-mentioned farm. 
The animals, however, are tuberculin reactors. No veterinary inspection 
was made. The source of infection has not been established. 

In October 1936 the patient began to fed tired and lost his appetite. In 
November he had a troublesome dry cough and dyspnoea, shortly after- 
wards also fever. His condition became worse during the following weeks, 
sputum became gradually more abundant, and he lost about 10 kilos in 
weight. For this reason he was admitted to hospital, and on examination 
was found to have a bilateral exudative pleurisy-. Repeated thoracenteses 
were performed. Bovine tubercle bacilli were found in the exudate. The 
patient was now tuberculin positive and had a sedimentation rate of 71 mm. 
The temperature remained constant between 39° and 40° C, and fell very 
slowly later; it did not return to normal until August 1937. The radio- 
graphic examination of the lungs at first showed nothing abnormal and did 
not reveal any evidence (calcifications, etc.) of a previous primary tuber- 
culous infection. N-ray examination of the abdomen showed no nodular 
calcifications. The liver was evidently enlarged, its margin reaching to the 
crest of the ileum. The spleen, too, was enlarged. Ascites could not be 
established. In August 1937 a dense, mottled parenchymal density appear- 
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Fig. 15. 

Case 45. A 40-year-old cowman, who one year previously had bilateral bovine 
pleurisy, now has bilateral bovine pulmonary tuberculosis of a haematogenous 
type. The picture shows the appearance of the lungs at the onset of the pulrao- 
nary changes. In the upper one-third of both lungs can be seen a dense, mottled 
parenchymal density; rests of earlier exudative pleurisies are also discernible. 
Bovine tubercle bacilli were found in the pleural exudate and in the sptilum. The 
lung changes progressed at first, but have remained stationary for the last 
three years. The patient’s present health is relatively good. 


ed in the upper one-third of both kings (Fig. 15). The rate of sedimen- 
tation was now 7 21 mm. The changes progressed slowly, but have remained 
stationary for the past year or two. No cavitation. The tuberculous lung 
process still presents a mottled picture. Bovine tubercle bacilli were spa- 
ringly present in the sputum. The general condition is at present fairly goo 
but the patient is unable to work. 

A -10-ycar-old man with bilateral bovine tuberculous pleurisy 
and a greatly affected general condition (high fever, considerable 
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Fig. 16. 

Case 46, A farm-labourer of 18 years with tuberculosis of bones and bilateral 
pulmonary tuberculosis (scrofulosis 5 years previously). The appearance of the 
lung changes at the time of the diagnosis is shown in the picture. A pleural 
condensation can be observed in the right sinus, extending up along the thor- 
acic wall. Slight parenchymal changes (hardly visible in the picture) occurred 
in the right upper field, and in the left supraclavicular region there was a 
cloudy shadow, about an inch in size. Bovine tubercle bacilli were shown in the 
gastric lavage. The changes have since regressed. The present health is good. 


enlargement of the liver and moderate enlargement of the spleen). 
About a year later he had bilateral bovine phthisis of a haematogenous 
type. Bovine T.B. were demonstrated in the pleural exudate and 
in the sputum. The patient’s present health is fairly good. The 
source of infection was not discovered. 
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Case 46. Male, aged 18. Farm-labourer, Svalov. 

The parents are healthy. A sister died of an unknown disease at - m 
early age. The other children of the family are healthy and do not show 
any signs of tuberculosis. The patient was born and brought up in tu 
country. Since the age of U he has been employed at different farms 
It is not known whether he came into contact with bovine tuberculosis 
during this time. The source of infection could not be traced. 

In 1930 (when he was 13 years old) the patient had oscrofula of the eves* 
for which he received a few months’ treatment at a seaside sanatorium 
He was afterwords in good health until August 1935, when he began to 
complain of pain in the right ankle-joint. In January 1936 tuberculosis 
of the right foot was diagnosed, lie was now tuberculin positive and 
had a sedimentation rate of -17 mm. Radiograms of the lungs revealed also 
bilateral pulmonary tuberculosis (Fig. 16). In the right sinus there was a 
pleural condensation, extending up along the wall of the chest. In the right 
upper field there were slight parenchyma] changes, hardly visible in Hie 
picture. A striated density extended up towards a cloudy shadow, about 
an inch in size, in the left supraclavicular region. A slight diffuse opacity 
could also be seen within a limited area in the centre of the left lung. On 
the other hand, no signs of a previous primary infection could be observed. 
The cervical lymph nodes were normal. During the subsequent treatment 
the changes have slowly regressed. Bovine tubercle bacilli were found in 
the gastric lavage in 1936. The patient’s present health is good. 

An 18-ycar-old youth, who had had scrofulosis when 13 years 
old, developed tuberculosis of the right fool and bilateral pulmonary 
tuberculosis 5 years later. The lung changes gradually regressed. 
Bovine T.B. in the gastric lavage. His present condition is good. 
The source of infection was not found. 


Case 47. Female, aged 17. Shop-assistant, Lund. 

The mother died of pulmonary tuberculosis in 1927. The rest of the 
family is healthy and without any signs of tuberculosis. For the past 5 
years the patient, who was born and brought up in the country, has been 
living in the city of Lund. The father formerly had a farm with a herd 
of 3-4 cows. As far as is known, no tuberculosis occurred among the 
animals. The patient has not milked but she has consumed raw milk. The 
source of infection has not been traced. 

When 9' years old (in 1928) the patient was admitted to hospital on 
account of suspected pulmonary tuberculosis. Mo tubercle bacilli could 
be found. In August 1936 she had a cough and rather abundant expectoration. 
Fever and increasing lassitude soon set in. In September a right-sided 
pulmonary tuberculosis was diagnosed. Behind Ci and in Ij there "as 
a cloudy opacity covering an area about the size of the palm of a mans 
hand with a rarefaction in the centre of this area. On the left side a pleural 
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Fig. 17. 

Cnsr /r. A IT-year-old remale (shop-assistant) with bilateral pulmonary tuber- 
culosis. The picture shows the condition when the disease was diagnosed. 
Behind C, and in I, there was a cloudy opacity with central rarefaction (cavity); 
on the left side a pleural thickening could be observed, also calcified spots 
in the hilum. After a week parenchyma! changes appeared at the base of the 
left lung. Bovine tubercle bacilli were abundantly present in the sputum. The 
changes at first progressed, but regressed later following bilateral pneumothorax 
treatment. The health is at present good. 


coaling could be observed, also calcified spots in tbe hilum (Fig. 17). 
A week later spotty and striated parenchymal consolidation appeared at 
the base of the left lung. The tuberculin reaction was positive and the rate 
of sedimentation 30 mm. The lymph nodes of the neck were normal. 
Abundant tubercle bacilli, which on typing were found to be bovine, were 
present in the sputum. Shortly afterwards the left-sided changes showed 
progression and therefore pneumothorax was induced on that side. Already 
a month later artificial pneumothorax was induced also on the right side. 
Since then the bilateral pneumothorax treatment has been continued 
successfully. The patient has been non-bacillary for a long time; only 
small residues of the tuberculous changes now remain. The general con- 
dition is excellent and the patient is able to work. Radiographic 


5 


66 


examination of the abdomen taken in May 1937 revealed no calcified 
nodes. 

A 17-year-old girl who already at the age of 9 years had had 
suspected, but not absolutely verified pulmonary tuberculosis 
Eight years later she had bilateral pulmonary tuberculosis (caper- 
nous) and residues (calcifications) of ah earlier tuberculosis oj Ik, 
hilar glands. Regression took place after bilateral pneumothorax' 
treatment. Bovine T.B. in the sputum. The present condition is 
good. The source of infection was not detected. 

Case 48. Female, aged 35. Husband, hospital-attendant, Ystad. 

The family healthy. At the age of 15 the patient, who was born and ' 
brought up in the country, came to Lund as a nursemaid, where she 
remained for 3 years. Between 18 and 23 years of age she was employed as ■ 
telephone operator at a small country village, and after getting married 
(at the age of 23) she has been living in the town of Ystad. She has never 
taken part in milking or tending cows. During childhood and while 
employed as telephone operator she drank raw milk: In recent years she 
drank pasteurised milk from a dairy. The source of infection has not been 
discovered. ; 

In May — June 1931 the patient was treated for diabetes mellitus and 
again in November—December 1032 for diabetes mellitus and left-sided 
exudative pleurisy. The tuberculin reaction was positive and on admission 
the rate of sedimentation was 100 mm. but soon fell to 20 mm. The radio- 
graphic examination of the lungs revealed no pathological changes apart 
from the exudate shadow. On an insulin control examination in March 
1939 a right-sided pulmonary tuberculosis was diagnosed. In the right 
upper lobe there now appeared a mottled, partly confluent density, most 
pronounced within — 1 jj, also a residue of a left-sided pleurisy. (Fig. 18). 
Otherwise no evidence was discernible (calcifications, etc.) of a previous 
primary infection in the lung and hilar regions. The lymph nodes of the 
neck were normal; the rate of sedimentation was 25 mm. Bovine tubercle 
bacilli were sparingly found in the sputum. In April a right artificial pneu- 
mothorax was induced, which is still being kept up without complications. 
The lung is satisfactorily collapsed. Only small residue of the earlier changes 
can now be observed. The general condition is very good. The patient, 
however, is not yet able to work. 

A 35-year-old woman who had had diabetes mcllilus and a 
left-sided exudative pleurisy at 29 years of age. Six years later she 
developed righl-sided pulmonary tuberculosis, which underwent 
regression after artificial pneumothorax treatment. Bovine T.B. 
were present in the sputum i Tire patient’s present health is good. 
The source of infection was not found. 
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Fig. IS. 

Case Is. A woman, aged So years, (wife of a hospital attendant) with diabetes 
inrthtus and right-sided pulmonary tuberculosis (left-sided exudative pleurisy <1 
years previously). The radiogram shows the appearance of the lung changes 
when the disease was diagnosed. In the rigid upper lohe is seen a mottled, 
partly confluent density, most pronounced within -In- Pleuritic rests can 
also he observed on the left side. Iiouine tubercle bacilli occurred sparingly in the 
sputum. Regression took place after a right artifical pneumothorax. The health 

is at present good. 

Case in. Female, aged 21. Wife of a farmer. Lund. 

In July H>38 a sister had erythema nodosum, left-sided hilar adenitis 
and left-sided pulmonary tuberculosis (primary complex) as the result of 
a bovine primary infection (Case 8). The parents and other children of the 
family are healthy. When examined in .tune 1!)38 the husband did not- 



show any signs of tuberculosis, but in the following month he had an exu- 
dative pleurisy (no tubercle bacilli were found and therefore no typing 
could be made). The patient sometimes lived with her parents in the 
country (the father is a farmer), at other times she was employed' as servant 
at different farms until she got married in March 1938. The family has a 
small herd of 5,cows, purchased after marriage, which were then tuberculin 
non-reactive. It is noteworthy that one or two months later two of these 
cows gave a positive tuberculin reaction. No bovine tuberculosis occurred 
on the father's farm. It is not known to what extent the patient came into 
contact with tuberculous cows during her employment as domestic servant. 
She has consumed milk, also milked and tended cattle. The source of 
infection was not traced. 

In 1934 the patient had erythema nodosum. The radiographic examin- 
ation of the lungs then showed nothing abnormal. She was kept under 
regular supervision. In March 1938 she had persistent cough and scanty 
expectoration. The appetite mas poor and she had lost weight. In May she 
complained of hoarseness, a stitch in the right side of the chest and tiredness. 
In June the same year, right-sided pulmonary tuberculosis was diagnosed. 
The rate of sedimentation was then (>6 mm. Immediately outside the right 
hilar region there was a cavity as large as a plum. The lungs otherwise 
showed no signs of tuberculosis; no residues of a previous primary infection 
(calcifications, etc.) could be observed within the lung and hilar regions 
(Fig. 19). The cervical lymph nodes were normal. The sputum con- 
tained abundant bovine tubercle bacilli. A right artifical pneumothorax 
was induced at once and supplemented later with cauterisation of adhesions, 
which resulted in the collapse of the cavity. In August 1939 she had a 
right-sided pleurisy, which subsequently required oleothorax treatment. The 
general condition is a present good, but the patient is not yet able to work. 

A 24-year-old woman who had erythema nodosum at 20 years of 
age. Four years later she had right-sided pulmonary tuberculosis 
(cavernous), which regressed after artificial pneumothorax treat- 
ment. Bovine T.B. were present in the sputum. When the patient 
became ill she was highly infective and transmitted the infection 
to a younger sister, who had a bovine primary complex in the left 
lung and hilar regions, and to her husband, who had a severe exu- 
dative pleurisy. Two of the five previously tuberculin negative 
cows belonging to the farm also became positive reactors. The 
patient’s present health is good, but thoracentesis is occasionally 
necessary. The source of the infection could not be traced. 


Case so. Male, aged 47. Farm-labourer, Paarp. 

The family is healthy. The patient, who was born and brought upi 
the country, has been employed at different farms where cases o ovin 
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Fig. 19. 

Case 49. A woman, aged 24, (wife of a farmer) with right-sided pulmonary 
tuberculosis ( erythema nodosum 4 years previously). The radiogram shows the 
condition of the lungs when the disease was diagnosed. The only change to 
be seen was a cavity as large as a plum immediately outside the right hilar region. 
Abundant bovine tubercle bacilli were present in the sputum. A right artificial 
pneumothorax and cauterisation of adhesions were performed. Later exudation 
appeared in the right pleura, which necessitated oleothorax treatment. The 
general condition is at present good. The patient was probably the source of 
infection of Case S (Figs. 6 — 7). 

tuberculosis had previously occurred. He has not milked cows but has drunk 
raw milk. At his last situation, which he has had since 1933, the herd was 
tuberculin reactive. No veterinary examination "was made. The source of 
infection was not discovered. 

The patient felt quite well until 1935, when he began to complain of 
cough, especially in the morning. The cough became worse in 1938 and the 
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Fig. 20. 

Case 50. A 47-year-old farm-labourer with bilateral pulmonary tuberculosis, 
resulting in death about 5 months after the diagnosing of the affection. The 
radiogram shows the pulmonary changes at the time the diagnosis was made. 
Tuberculous changes were found in the whole of the left lung, at the apex also 
an orange-sized cavity; less pronounced changes were present in the right 
lung. Abundant tubercle bacilli were found in the sputum. 


patient now had a poor appetite and was losing weight. He also had occa- 
sional night sweats. He was nevertheless able to continue working until 
October of the same year, when the above-mentioned complaints and an 
increasing fatigue compelled him to consult a doctor, who diagnosed bilateral 
pulmonary tuberculosis. Extensive tuberculous changes were found in 
the entire left lung; an orange-sized cavity was also found at ihe apex. 
In the right lung the changes were less pronounced (Fig. 20). No evidence 
(calcification, etc.) of a previous primary infection were found in the areas 
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of the lungs and hili. The tuberculin reaction was positive and the rate of 
sedimentation 75 mm, the temperature, however, was normal. The cervical 
lymph nodes were normal. Abundant bovine tubercle bacilli were found in 
the sputum. The condition rapidly deteriorated and the patient died in 
March 1939. There was no necropsy. ' 

A 47-year-old man with extensive bilateral pulmonary tuber- 
culosis (a cavity the size of an orange). Death took place about 5 
months after the disease had been diagnosed. Bovine T.B. were 
present in the sputum. The source of infection is not known. 


Case 51. Female, aged 12. Father, farmer, Silvakra. 

The parents and the other children of the family are healthy. One or 
two cows have been kept on the farm on different occasions. As a rule the 
family consumed the raw milk produced by their own cows, but occasionally 
bought milk from neighbouring farms. No bovine tuberculosis is said to 
.have occurred. The source of infection is not known. 

The patient became acutely ill in April 1937, presenting the picture of 
a right-sided pneumonia. The temperature remained very high. In July the 
patient complained of tiredness and cough. She was not admitted to hospital 
until the following October, when a right-sided pulmonary tuberculosis 
was at once diagnosed. On admission the temperature was still high, 38° — 
39° G. The tuberculin reaction was positive, the rate of sedimentation 49 
mm. The radiographic examination revealed a cloudy, spotty, mostly 
confluent parenchymal density in the .upper two-thirds of the right lung. 
The right hilar shadow was considerably enlarged, in which could be seen 
a large calcified spot. Smaller calcified spots were also observed in 
the apex of the right lung. Small pleural striations were found in the 
left lung field (Fig. 21). Bovine tubercle bacilli occurred regularly but rather 
sparingly in the sputum. Radiography of the abdomen revealed no calcified 
nodes. The cervical lymph nodes were normal. A right artificial pneumo- 
thorax was induced at once, but was not effective. The tuberculous process 
spread irresistably down into the right lung and across to the left one. 
No abdominal symptoms occurred. After a long period of decline the 
patient died in August 1938. 

The necropsy report by Dr. C. G. Aiilstuom was: The lung parenchyma 
on both sides was interspersed with pea- to hazel-nut-sized (acino-exudative 
and lobular caseous) foci showing a confluent tendency and central casea- 
tion, but without any discernible liquefaction. In both hili, in the medias- 
tinum there were numerous caseous lymph nodes up to the size of hazel- 
nuts. The larynx was normal. In the mesocoecum there was a number of 
bean-sized, softly elastic lymph nodes with a reddish brown, glossy cut 
surface, without any signs of caseation. Somewhat oval, transverse ulcera- 
tions, from the size of a three-penny-bit to that of a six-penny-bit, with 
soft, ridged edges, the surface of the ulcers coated with pus, were seen in 
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Fig. 21. 

Case 51. A girl, aged 12 years, (father, farmer) with right-sided pulmonary 
tuberculosis, which caused her death about 11 months after the diagnosing 
of the disease, In spite of pneumothorax treatment A cloudy, spotty, mostly 
confluent parenchymal density can be seen in the upper two-thirds of the right 
lung. The right hilar region appears to be considerably enlarged and consoli- 
dated, containing calcifications. At the onset of the disease bovine tubercle bacilli 
sparingly occurred in the sputum. 

the coecum and the lower part of the ileum. On microscopic examination 
typical tuberculous foci with ulceration and necrosis were found in the wall 
of the ileum. The regionary glands of the mesentery contained miliary 
tuberculous foci. 

The necropsy diagnosis was: Bilateral pulmonary tuberculosis, multiple 
tuberculous ulcers in the ileum and coecum. Caseous lymph node tuber- 
culosis of the mediastinum. 
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A 12-year-old girl with right-sided exudative pulmonary tuber- 
culosis and signs of a previous hilar gland tuberculosis and pulmonary 
tuberculosis (calcifications). Despite pneumothorax treatment 
the process irresistibly spread farther into the lungs, producing 
also disseminated intestinal tuberculosis. The patient died 1 1 months 
after the disease had been diagnosed. Bovine T.B. were demon- 
strated in the sputum and in the lung tissue (at necropsy). The 
source of infection could not be established. 

Cose 52. Female, aged 18. Dressmaker, Landskrona. Father, turner. 

The parents and other children of the family in good health. A paternal 
aunt was treated for exudative pleurisy in 1033 hut is now well. The patient 
occasionally met two phthisical persons. One of these persons is now dead 
and therefore no typing of the bacteria was possible; the other is affected 
with pulmonary tuberculosis due to human tubercle bacilli. For the last 
8 — 10 years milk has been bought from a farm outside the town of Lands- 
krona. A veterinary examination failed to find any infectious tuberculosis 
among the cattle. The source of infection was not traced. 

In February 1933 the patient had tuberculous lymph nodes on the left 
side of the neck, which were surgically removed shortly afterwards. 
Radiograms of the lungs taken at that time showed nothing abnormal. 
In July 1930 new tuberculous lymphomata appeared, which were also 
excised. In December 1930 the patient had a troublesome cough and abun- 
dant expectoration and freer. She now also felt tired and occasionally had 
a stitch in the left side oj the chest. Left-sided exudative pulmonary tuber- 
culosis was diagnosed. The radiographic examination revealed a com- 
pact density in the lower half of the left lung. Further, the left hilar shadow 
was greatly enlarged and condensed. A calcified lymph node could be 
seen in the right hilar region and another smaller one projecting above the 
right supraclavicular area. Radiographic examination of the abdomen 
revealed the presence of numerous, large, calcified lymph nodes all the 
way from the pelvis inlet up to the 12th thoracal vertebra (Figs. 22 — 23). 
The tuberculin reaction was positive and the sedimentation rate 53 mm. 
behind the left sternocleidomastoid muscle there were numerous painless 
lymph nodes, varying in size from a pea to a bean. In January 1937 the 
patient’s condition deteriorated. The pneumonic area at the base of the 
left lung underwent liquefaction. In spite of pneumothorax treatment the 
cavity gradually increased so that in July it was as large as a plum. Now 
and then the patient felt a sensation of straining in the abdomen. The 
cervical lymph nodes also increased in size and by this lime occupied the 
entire area between the left angle of the jaw and the supraclavicular fossa. 
The tuberculous process now spread also to the right lung. The tempera- 
ture became high and hectic. After a protracted decline the patient died 
in September 1937. During the last days abdominal trouble developed, 
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Fig. 22. 

Case 52. An 18-year-old dressmaker (father, turner) with evidence of a very 
extensive, old tuberculosis oj the abdominal nodes , of the right hilar region and oj 
the neck, as well as a fresh, left-sided pulmonary tuberculosis. The picture shows 
the great abundance of calcified nodes in the abdomen. See also Fig. 23. 
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Fig. 23. 

Case 52, (The same case as shown in Fig. 22). The picture shows the condi- 
tion when the pulmonary changes were demonstrated. A compact consolidation 
due to exudative tuberculosis is seen in the lower half of the left lung. The 
left hilar shadow is enlarged and condensed. Calcified spots are seen in the 
right hilar region and in a lymph node on the right side of the neck (projecting 
above the right supraclavicular region). Bovine tubercle bacilli were abundantly 
present in the sputum and in different necropsy specimens. A cavity in the left 
lung developed rapidly. In spite of artificial pneumothorax death occurred 
about 9 months after the diagnosing of the pulmonary affection. 


mostly in the form of diarrhoea. Repeated, typings from the sputum and 
from various necropsy material showed the presence of abundant bovine 
tubercle bacilli. 

The necropsy examination (performed by Dr. S. Wixbi.ad) gave the 
following result: .... In the left liilum there was a large packet of caseous 
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lymph nodes varying in size from a hazel-nut to a walnut. Paratracheallv 
on both sides there were large packets of nodes, which on the left side 
extended past the angle of the jaw up to the back of the ear. None of the 
nodes showed calcification or liquefaction. A packet of lymph nodes, as 
large as a walnut, with central calcifications, was seen in the right hilum. 
The lower part of the upper lobe of the left lung was transformed into an 
orange-sized cavity containing a small amount of caseous material. More- 
over, the upper and lower lobes were interspersed with yellowish green 
tuberculous foci, partly acino-nodous, partly pea- to bean-sized cavities 
containing caseous matter. The lower lobe of the right lung showed centrally 
a tuberculous focus, the size of 2-shilling piece, without liquefaction or 
calcification. Otherwise the right lung was free from changes. No calcified 
primary complex was met with in this lung. The tonsils were small and 
without tuberculous changes. The peritoneal cavity contained 1,000 cm 3 
of a yellowish brown, purulent fluid. The serosal surface of the intestines 
was reddened, especially in the lowest portion obthe ileum, where two 
minute perforations could he observed. The distal portion of the ileum 
showed numerous crater-shaped ulcers, varying in size from a pin-head to 
a pea. In the proximal part of the-coecum and colon there were pea-sized 
ulcers -of the same appearance as those in the ileum. Greatly enlarged 
lymph nodes, fused into packets, were found along the vertebral column. 
A few of these lymph nodes were as large as plums, on section all of them 
were found to be caseous. Numerous enlarged lymph nodes were also 
met with in the mesentery. Thus, an orange-sized packet oj lymph nodes, 
partly so intensely calcified that they could be cut only with difficulty, was 
found in the mesentery centrally to the ileocoecal region. In the portal 
region there was a packet of nodes as large as a man’s fist. On macroscopic 
examination the spleen was found to contain necrotic tuberculous 
foci. 

The necropsy diagnosis was: Tbc. prim. lfgl. mes. + the. Ifgl. retroperi- 
tonealis et mediastinalis et paratrachealis et colli + tbc. acino-nodosa et 
cavernosa pulm. amb. -f- tbc. intestinui tenui cum perforatione pur. 
+ cystitis. 

A girl of 18 with an old glandular tuberculosis in ihc abdomen , 
in the right hilar region and on the neck. In the first-mentioned loca- 
lity the changes were very wide-spread (Fig. 22). After having had 
relapsing tuberculosis of the cervical lymph nodes for many years, 
which was treated surgically, the patient developed left-sided 
exudative pulmonary tuberculosis (Fig. 23), which despite pneumo- 
thorax treatment rapidly underwent cavitation and gradually 
spread to both lungs and to the intestines. Death took place after 
the perforation of intestinal tuberculous ulcers about 9 months 
after the pulmonary affection had been diagnosed. Bovine l.B. 



were demonstrated in the sputum and necropsy material. The 
source of infection was not discovered. 

Case 53. Female, aged 30. Unmarried. Photographer. Malmo. 

The family is healthy and without any signs of tuberculosis. The patient 
has always lived in the city of Malmii. She is fond of milk. No known 
contact with tuberculous cattle. The source of infection was not traced. 

The patient had tuberculosis of the cervical nodes in 1927. In January 
1930 she had a cough, and shortly afterwards fatigue, loss of weight and a 
high fever. Bilateral pulmonary tuberculosis was diagnosed. In the upper 
one-third of the right lung there was a pneumonic consolidation with a 
central cavity (lie size of a hazel-nut. Cloudy spots could also be seen in the 
left apical and upper fields. No signs of a previous primary infection (calci- 
fications. elc.l were discernible in the lung and hilar areas. On the other 
hand, the radiography of the abdomen revealed a number of small nodular 
calcifications on a level with the upper part of the sacrum. Bovine tubercle 
bacilli were abundantly present in the sputum. Right-sided artificial pneumo- 
thorax was induced almost immediately, but had to be broken off owing 
to an exudative pleurisy in the beginning of February 1937. Central progres- 
sion in the left lung necessitated pneumothorax treatment also on that side 
in August 193(5. The treatment is still being continued. '1 he patient is able 
lo work occasionally. 

A woman of 30 with signs of an old tuberculosis of Ihe abdominal 
lymph nodes and small residues of an earlier tuberculosis of Ihe 
cervical nodes. After a symptomless interval of 9 years she again 
became ill with a bilateral , exudative , pulmonary tuberculosis (caver- 
nous). which was somewhat improved by pneumothorax treatment. 
The patient’s present health is relatively good. Bovine T.B. were 
demonstrated in the sputum. The source of infection was not 
traced. 


Case 54. Male, aged l(>, agricultural worker. Father, farmer. Skivarp. 

Two cousins of the father died of pulmonary tuberculosis. The patient 
never met them. The family is otherwise healthy. The herd belonging to 
the farm consists of 12—11 cows and 30 pigs. Two pigs were slaughtered 
in 1933 and one cow in 1931 owing to their being affected with tuberculosis. 
The patient took part in milking and he has also drunk raw milk from the 
farm. The source of infection may therefore be regarded as established. 

The patient, who was in complete subjective health, had an haemoptysis 
in April 1937. The subsequent examination revealed a bilateral exudative, 
cavernous phthisis. In the upper one-third of the left lung there was a 
confluent, cloudy opacity and a cavity as large as a hazel-nut on a level 
with Cij. A striated density could also be seen in the right (Fig. 24). 



78 



Fig. 24. 

Case 54. A lG-year-old agricultural worker (father, farmer) with bilateral 
pulmonary tuberculosis. The picture shows the condition at the time the affection 
was diagnosed. A confluent, cloudy density is seen in the upper one-third of 
the left lung, and a cavity the size of a hazel-nut appears on a level with Cn- 
In the right lung only striated opacity can be seen at the right I r Bovine 
tubercle bacilli were found abundantly in the sputum. Later a considerable pro- 
gression took place in the right lung. After pneumothorax treatment, however, 

the condition is good. 


On the other hand no evidence of an earlier primary infection (calcifications, 
etc.) could he shown in the lung and hilar regions or in the abdomen. Bonne 
tubercle bacilli were abundantly present in the sputum. The cervical ivmph no- 
des were normal, and the rate of sedimentation was 30 mm. A left artificial 
pneumothorax was induced at once and is still being continued. In dune 
1937 a considerable progression took place in the right lung, which was then 
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entirely , interspersed with rather large sp.ols, but they disappeared again 
after a long period of sanatorium treatment. The condition greatly im- 
proved during the treatment. 

A youth of 16 with an acute onset of exudative bilateral pulmo- 
nary tuberculosis (cavernous). Regression took place after a long 
period of pneumothorax treatment.' The patient’s present health 
is good but he is not yet fit for work. Bovine T.B. were present in 
the sputum. The source of infection is known. 

Case 55. Male, aged 21. Painter, Landskrona. 

Parents and brothers and sisters are healthy. The patient has always 
lived in the town of Landskrona with the exception of the spring of 1936, 
when he was away for 5 months at Karlskrona serving his time in the navy. 
The milk at Landskrona is pasteurised. The source of infection was not 
traced. 

During the past 5 years the patient has had a »cold» and a cough with 
yellow, mucous sputum. In January 1937, in complete subjective health, 
he had a haemoptysis , which led to a thorough examination and the detec- 
tion of a left-sided exudative pulmonary tuberculosis (cavernous). The 
radiographic examination of the lungs showed a confluent, cloudy density 
in the upper half of the left lung and a cavity almost as large as a walnut 
on a level with Gn (Fig.. 25). No evidence of an earlier primary infection 
(calcifications, etc.) could be observed in the lung and hilar regions, but 
on the other hand the radiography of the abdomen showed numerous glan- 
dular calcifications spread along the anterior aspect of the lumbar vertebrae, 
partly situated rather far in the abdomen. The tuberculin reaction was 
positive and the sedimentation rate GO mm. The cervical lymph nodes 
were normal. Abundant bovine tubercle bacilli were found in the sputum. 
Pneumothorax treatment was instituted at once. At first the lung collapsed 
poorly, but after cauterisation of adhesions in April a satisfactory collapse 
was obtained. The cavity, however, showed no tendency to close. The 
general condition gradually deteriorated. Tuberculous lymph nodes 
appeared on the neck. Soon afterwards the tuberculous process spread over 
the right lung and the patient died on 15th August 1939. 

The report of the necropsy examination (performed by Dr. Alf Sjovall) 
was as follows: The cervical lymph nodes on both sides were enlarged, 
caseated, but nowhere liquefied. Enlarged tuberculous nodes extended 
from the neck along the large vessels in the median line of the body down 
into the pelvis. Caseous, yellowish white, round foci varying in size from a 
pea to a walnut were found in the right lung, especially in the middle lobe 
and the adjacent parts of the other two lobes. Similar changes were 
observed in the lower lobe of the left lung. No caseous degeneration or 
calcification was found in these areas. In the left upper lobe the picture was 
quite different. Here large, lobular, compact pneumonic changes were met 
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Fig. 25. 

Case 55. A man aged 21 years (painter) with evidence of an old tuberculosis of 
the abdominal lymph nodes and a [resh left-sided pulmonary tuberculosis. The 
picture shows the appearance of the pulmonary changes when the disease 
was diagnosed. A confluent, cloudy density is seen in the upper half of the 
left lung, and a cavity almost as large as a walnut on a level with Cii. Bovine 
tubercle bacilli were abundantly present in the sputum. Died about 7 months 
later in spile of pneumothorax treatment. 

with. The most basal of these areas was entirely transformed into a whitish 
yellow caseous matter. No calcifications were met with in this lobe oil her. 
In addition to the lobular, caseous pneumonias there were also in the paren- 
chyma, especially at the top, a number of tubercles of (he same lype as 
those in the right lung, but somewhat larger and surrounded by slate- 
coloured tissue, a few of the tubercles showing central disintegration. 
Caseation, however, was most pronounced around a walnut-sized cavity 
located about 2.5 cm from the apex. The hilar and mediastinal lymph 
nodes were enlarged, some of them as large as plums; they contained tuber- 
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culous caseous mailer, winch nowhere, however, showed liquefaction or 
calcification. In the ileum t here were small, whitish grey, tuberculous 
nodules and, moreover, ulcers of varying forms from lenticular to the size 
of a threepenny piece, with uneven, excavated margins. The mesenterial 
lymph nodes were greatly swollen, and had fused into an enormous packet, 
which was connected with the aortal lymph nodes and extended in one 
solid mass over the entire posterior wall of 1 he abdomen and for a long 
distance down into the right pelvis. On t he out surface the lymph nodes 
were unseated and surrounded by fibrous tissue. Solitary mesenterial 
lymph nodes n ere calcified. No degenerated or perforated lymph nodes 
were found anywhere. 

The necropsy diagnosis was: The. pulm. amb. c. pnfh. art if. sin. - tbr. 
Ifgl. colli mediaslini et ahd. -1- the. intestini. 

A 21 -year-old man with an old tuberculosis of the abdominal 
lymph nodes ami a Icfl-sidcd exudative pulmonary tuberculosis {caver- 
nous). in spile of artificial pneumothorax treatment and cauteri- 
sation of adhesions the cavity could not he made to collapse. 
Tuberculous changes gradually appeared also in the right lung and 
in the cervical lymph nodes and later in the intestines. Death 
occurred about 7 months after the diagnosing of the pulmonary 
affection. Bovine T.B. were found in the sputum. The source of 
infection was not traced. 


Case so. Female, aged 25. Milkmaid. Snogcriid. Father, farmer. 

The parents are in good health. A brother was Ireated for tuberculosis 
of the mediastinal and mesenterial lymph nodes in 1037. Guinea-pig 
tests with the gastric lavage were negative. lie is at present quite 
well and is able to work. The patient’s two children, 3 and 5 years res- 
pectively, gave a positive tuberculin reaction hut otherwise showed no 
evidence of tuberculosis. The husband is healthy. The patient was 
employed as milkmaid at a farm where several cases of bovine tuber- 
culosis in man have occurred (see Case 17). Thus a veterinary examination 
made in 1030 discovered open pulmonary tuberculosis in no less than 13 
cows at the same time. The patient had milked and had also drunk raw milk 
from cows on this farm. The source of infection may therefore he regarded 
as established. 

The patient began to rough in October 193G. She also fell tired, but 
kept on working as usual. When l he symptoms increased she consulted a 
doctor in December the same year, when a left-sided, exudative, cavernous 
phthisis was diagnosed. A partly confluent, cloudy opacify was seen 
between Cj and Ijj and a walnut-sized cavity laterally in lj (Fig. 2(1). 
No signs (calcifications, etc.) of an earlier primary tuberculous infection 
could be seen, however, within the lung and hilar regions nor in the abdo- 
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Fig. 2G. 

Case 56. A milkmaid aged 25 years (father, farmer) with left-sided pulmonary 
tuberculosis. The appearance of the lung changes at the time the affection was 
diagnosed is seen in the picture. Between Ci and In there is a partly confluent 
density, and laterally in Ii a walnut-sized cavity (not quite so well marked 
in the picture). Bovine tubercle bacilli were found abundantly in the sputum. In 
spite of pneumothorax treatment the patient died about 17 months later. 

men. Bovine tubercle bacilli were abundantly present in the sputum. The 
tuberculin reaction was positive and the sedimentation rate 24 mm. The 
lymph nodes of the neck were normal. A left artificial pneumothorax was 
induced in January 1937, hut ii was never effective owing to the lung being 
dilated by wide adhesions, which could not be cauterised: In order to try 
to get the cavity to collapse, an extrapleural pneumothorax was attempted 
in June 1937, but was soon complicated with empyema. This was gradu- 
ally resorbed but the lung re-expanded. The cavity remained unaffected. 
The condition then gradually deteriorated, symptoms ultimately appearing 
indicative of intestinal tuberculosis. The patient died at her home in April 
1938. There was no necropsy. 
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A woman of 25 with a exudative, left-sided pulmonary tubercu- 
losis (cavernous). In spite of intrapleural and later extrapleural 
pneumothorax treatment the cavity did not close. The process 
subsecpiently spread also to the intestines. The patient died about 
17 months after the disease had been diagnosed. Bovine T.B. were 
demonstrated in the sputum. The source of infection was in all 
probability tuberculous cows belonging to the farm at which the 
patient had been employed as milkmaid. 

Case 57. Female, aged 42. Wife of a tenant-farmer. Rydsgard. 

The father died of pulmonary tuberculosis in 1S9S, but the mother and 
the other children of the family are healthy. When 14 years old the patient 
was employed as a servant in a family where the mistress was affected 
with phthisis, and when 1C years of age in another family where the mistress 
afterwards died of pulmonary tuberculosis. At the age of 22 she was 
employed at a convalescent home for phthisical patients. She got married 
in 1914, and has given birth to 7 children. The husband and the children 
are healthy. During 1924 — 1927 the herd consisted of 12 cows, one of 
which was affected with tuberculosis. In later years the family has not 
possessed a permanent herd; recently there has been only one cow, which 
did not show any evidence of infectious tuberculosis. The patient has 
milked and also consumed raw milk. 

During a short period in 1918 the patient had a stitch in the right side 
of the chest. She then felt well until some time after parturition in June 
1929, when she began to lose weight and had a cough with yellowish green 
sputum. She began to have night sweats in July 1930. but the diagnosis 
of a right-sided exudative pulmonary tuberculosis was not made until the 
following month, August 1930. The radiographic examination revealed 
a cloudily mottled, partly confluent parenchymal opacity in the upper 
half of the right lung and a cavity about the size of a hazel-nut in Ij on 
the same side. No evidence (calcifications, etc.) indicative of an earlier 
primary tuberculous infection could be observed within the regions of 
the lungs and hili (Fig. 27). Tubercle bacilli regularly occurred in the 
sputum. A right artificial pneumothorax was attempted in 1930 — 1932, 
but only a poor collapse of the lungs was obtained. After the lung had re- 
expanded, the cavity grew considerably, so that in August 1934 it was the 
size of a plum. Now changes were also observed for the first time in central 
part of the left lung (mottled condensation). The changes afterwards- 
spread very slowly down into the lungs. With the exception of an artifi- 
cial pneumothorax, the patient refused to submit to any form of surgical 
treatment. She died in April 1940. Samples of the sputum taken in March 
1937 were found to contain abundant tubercle bacilli of the bocine type. 

The necropsy examination (performed by Prof. E. Sjovall) gave the- 
following result: The upper lobe of the right lung showed several cavities, up- 
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Fig. 27. 

Case 57. A woman of 42 years (wife of a tenant-farmer) with right-sided pul- 
monary tuberculosis. The picture shows the appearance of the changes when the 
disease was diagnosed. In the upper half of the right lung there is a cloudy, 
mottled, partly confluent parenchymal density, and in Ii of the same lung is 
seen a less prominent, but indubitable, cavity the size of a hazel-nut. The 
changes progressed very slowly. Artificial pneumothorax did not change the 
condition; no other therapy was permitted. Bovine tubercle bacilli were abun- 
dantly present in the sputum. Death did not take place until 10 years after the 
diagnosing of the pulmonary affection. 

to the size of plums, partly confluent, all of them being in free communi- 
cation through the bronchial branches out towards the trachea. The 
walls of the cavities were thick, fibrous and indurated. The bronchial 
mucosa was thickened, hyperaemic, without any signs of tuberculous 
changes. In the right middle lobe there were several fresh acinous foci. 
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The right lower lobe was interspersed with fresh liquefactions, fairly equal 
in size, with grey, gelatinous margins. No caseous necrosis. At the apex 
•of the left upper lobe there was an old specific change with fibrosis and 
a small central liquefaction. On pressure a greyish yellow pus escaped out 
of the bronchial lumina. The left lower lobe contained scattered acinous foci. 
The hilar glands were moderately enlarged and confluent, intensely anthra- 
cotic and caseated. No evidence of tuberculosis of the mesenterial nodes nor 
of tuberculosis of the intestines could be seen. Amyloid was met with in 
the spleen. 

The necropsy diagnosis was: Tbc. chronica cavernosa et recent pulmo- 
num + amyloidosis. 

A 42-year-old woman with right-sided pulmonary tuberculosis 
(cavernous). Artificial pneumothorax treatment was ineffective. 
No other surgical therapy was allowed. The disease spread very 
slowly. Death did not take place until 10 years after the diagnosing 
of the pulmonary affection. Bovine T.B. were demonstrated in 
the sputum. The source of infection was not discovered. 


Case 5S. Female, aged 22. Unmarried, living at home. Father, farmer, 
Glimminge. 

The parents and other children of the family in good health. The patient 
has assisted in the work on the farm, has also milked cows and consumed 
raw milk. It is not known whether tuberculosis has occurred among the 
cattle. The source of infection could not be traced. 

In July 1937 the patient felt fatigued, had a cough and a sore throat. 
She had also a stitch in the right side on a lead with the shoulder-blade. Radio- 
graphic examination of the lungs made in August of the same year revealed 
a large parenchymal opacity with central liquefaction at the right apex. 
The patient was not admitted to a sanatorium until October. In the 
meantime the changes had progressed considerably. In the right supra- 
clavicular region there appeared a compact density in the centre of which 
there was a walnut-sized cavity. Mottling could be seen medially to the 
density down towards the hilum (Fig. 2S). Bovine tubercle bacilli were 
abundantly present in the sputum. The tuberculin reaction was positive 
and the rate of sedimentation 56 mm. The cervical lymph nodes were 
not tuberculous, nor were there any signs of a previous tuberculous in- 
fection (calcifications, etc.) within the areas of the lungs and hili. Right- 
sided pneumothorax treatment was instituted in October 1937 and was 
supplemented with cauterisation of adhesions in January 1938, which 
resulted in the closure of the cavity. Since then the patient’s condition has 
gradually improved, but she is not yet able to work. 

A woman of 22 with exudative tuberculosis of the right lung 
(cavernous). As the result of pneumothorax treatment, supplement- 
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Fig. 28. 

Case 58. An unmarried woman of 22 years, living at home (father, farmer) 
with right-sided pulmonary tuberculosis. The picture shows the appearance oi 
the changes about two months after the diagnosis had been made. In the right 
supraclavicular region can he seen a compact density, in the centre of which 
is a walnut-sized cavity. Medially to the density a mottling can be seen right 
down to the hilum. Bovine tubercle bacilli were found abundantly in the sputum. 
During pneumothorax treatment., supplemented with cauterisation of adhesions, 
the changes have regressed. The patient’s present health is good. 

ed with cauterisation of adhesions, the condition has greatly 
improved and the changes reduced. Bovine T.B. occurred in the 
sputum. The present condition is good. The source of infection 
was not found. 

Case 59. Female, aged 38. Wife of a farmer, Rynge. 

The parents are healthy. A brother died of pulmonary tuberculosis 
in 1933, and a sister in 1937. The bacteria were not typed. The patient lias 
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Fig. 29. 

Case 59. A woman aged 38 years (wife of a farmer) with left-sided pulmonary 
tuberculosis. The picture shows the appearance of the changes two months after 
the diagnosis had been made. A density, the size of the palm of a man’s hand, 
can be seen outside the upper part of the left hilar region and inside this density 
a cavity as large as a hazel-nut. Bovine tubercle bacilli occurred sparingly ■ in 
the expectoration. Rapid progression in both lungs necessitated bilateral pneu- 
mothorax treatment, which nevertheless proved ineffective. Death took place 
about 17 months after the detection of the disease. 


been married for 11 years. The husband has healed tuberculous lesions in 
the lungs. The children are in good health. The farm has 2 cows, which 
on veterinary examination in 1937 w'ere found to be healthy. The animals 
had not been on the farm, however, for more than 2 years. No bovine 
tuberculosis is said to have occurred among them. The patient had milked 
and also consumed raw milk. 

The patient -was clinically examined (and radiographed) in 1928 and 
1931, but no pulmonary changes could be discerned. In February 1937 
she became acutely ill with a high fever and a stitch in the left side of the 
chest. Immediately outside the upper part of the left hilar region there 
could now be seen a compact density, as large as a hazel-nut, with rare- 
faction in the centre (a cavity). By April this density had grown to the 
size of the palm of a man’s hand, while the cavity had increased to the 
size of a hazel-nut (Fig. 29). Bovine tubercle bacilli were sparingly found 
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in the sputum. The tuberculin reaction was positive and the sedimen- 
tation rate 62 mm. No tuberculosis of the cervical lymph nodes occurred 
nor were any signs (calcifications, etc.) of an earlier tuberculosis discer- 
nible in the regions of the lungs and liili. The lesions progressed rapidly. 
In July they involved not only the whole of the left upper field but also 
the central parts of the right lung. Bilateral pneumothorax treatment was 
induced in July, but failed to stop the progress of the disease. A tuber- 
culous empyema occurred on the left side. At about the same time symp- 
toms also appeared of tuberculous tendovaginitis. The general condi- 
tion deteriorated rapidly. Albumin had been regularly present in the 
urine since February. In April laryngeal tuberculosis appeared and the 
patient died in June 1938. There was no necropsy examination. 

A woman of 38 with a left-sided, exudative, pulmonary tuber- 
culosis (cavity). In spite of bilateral pneumothorax treatment the 
process spread rapidly to both lungs, to the tendon sheaths, to the 
larjmx and possibly also to the kidneys. The patient died about 
17 months after the diagnosis of the affection. Bovine T.B. 
were present in the sputum. The source of infection was not dis- 
covered. 

Case go. Female, aged 52. Wife of a farmer, Kyrkheddinge. 

No tuberculosis in the family. The patient was born in Denmark but 
came to Sweden when only 2 years of age. Between 10 — 15 years of age 
she lived at Raby Children’s Home, afterwards was employed as servant 
at different places until she got married in 1908. The family had a farm 
of its own for 12 years at Odarsldv. It is not known whether tuberculosis 
occurred among the cattle. The husband had pulmonary tuberculosis in 
1927, which was found to have healed on a control examination made in 
1930. Four years later he died from uraemia. In this marriage the patient 
had 8 children, all of whom are healthy. The patient was married a second 
time in 1936. The husband is in good health. The patient did the milking, 
and she also drank raw milk. The source of infection was not traced. 

In 1909 the patient was laid up with a right-sided pleurisy for 3 months. 
In October 1936 she began to feel tired and giddy, had a poor appetite and 
lost freight. An examination made in this connexion revealed a right- 
sided, cavernous phthisis. The radiograms showed a considerable dis- 
placement of the heart and the mediastinum to the right, due to the previous 
right-sided pleurisy. Parenchymal changes of a tuberculous nature were 
found in the upper part of the right lung field, also a cavity as large as a 
mandarin (Fig. 30). The patient, however, refused to enter a hospital, 
and she could not be induced to do so until 10th February 1937. She had 
then been bedridden for some time on account of cough, fever and night 
sweats. The rate of sedimentation was 123 mm. The radiographic 
examination revealed that the changes had progressed considerably . 
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Fig. 30. 

Case GO. A woman of 52 years (wife of a farmer) with right-sided pulmonary 
tuberculosis (27 years previously she had a right-sided exudative pleurisy). 
When the affection was diagnosed, the heart and the mediastinum were greatly 
displaced to the right owing to the previous pleurisy. In the upper part of 
the right lung field there was a cavity quite as large as a mandarin, surrounded 
by smaller tuberculous changes. Bovine tubercle bacilli were sparingly found 
in the sputum. The condition rapidly deteriorated. Death took place about 
5 months after the affection had been diagnosed. 


Thus a density the size of a man’s hand had developed in the right Ij — Ini- 
The cavity had also increased in size. Bovine tubercle bacilli were sparingly 
found in the sputum. No tuberculosis of the cervical lymph nodes or any 
signs (calcifications, etc.) of an earlier tuberculous infection in the regions 
of the lungs and hili could be shown. The condition greatly deteriorated 
after a severe haemoptysis on 21st January. The patient died on 1st March 
1937. Necropsy examination was not obtained. 
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A 02-year-old woman with right-sided pulmonary tuberculosis 
(cavernous) and considerable residues of an exudative pleurisy when 
25 years old. She died about 5 months after the diagnosis of the 
pulmonary affection. Bovine T.B. were demonstrated in the 
sputum. The source of infection was not traced. 


Case Gi. Female, aged 20 . Unmarried, living at home. Father, farmer 
Loberod. _ ’ ’ 

The parents and other children in good health. Two first cousins died 
of pulmonary tuberculosis in 1927 and 1931 respectively. The patient 
was born and brought up in the country. She participated in the farm 
work but did not milk or tend cows. She had consumed raw milk. It is 
not known whether tuberculosis has occurred among the cattle. The 
source of infection was not discovered. 

In March 193G the patient manifested symptoms of »influenza». She 
fell tired and feverish, had a dry cough and headache. An examination in 
May revealed a right-sided pulmonaiy tuberculosis. In the upper half of 
the right lung there was a mottled, partly confluent, parenchymal density 
and a cavity as large as a hen’s egg in the right Scl — Ij (Fig. 31). No evidence 
(calcifications, etc.) of a previous primary infection was discernible in the 
lung and hilar regions, Nor could any nodular calcifications be seen in the 
abdominal radiogram. The cervical lymph nodes were normal. Bovine 
tubercle bacilli were abundantly present in the sputum. A right artificial 
pneumothorax was induced in November 1936 and supplemented with 
cauterisation of adhesions in February 1937. In spile of this, closure of 
the cavity failed. The patient's ' condition gradually deteriorated, the 
tuberculous process relentlessly spread further into the lungs. Shortly 
afterwards signs of intestinal tuberculosis also appeared and the patient 
died later at her home. • Necropsy examination was not obtained. 

A woman of 20 with a right-sided, pulmonary tuberculosis (cavern- 
ous). In spite of pneumothorax treatment and cauterisation of 
adhesions the process spread rapidly. She died about 1 year 
and 9 months after the diagnosis of the disease. Bovine T.B. were 
present in the sputum. The source of infection was Jiot traced. 


Case G2. Female, aged 24. Wife of a farm-labourer, Bara. 

The family history is free from tuberculosis. Since she was 15 years 
of age the patient had been employed as milkmaid at different farms. 
She had also consumed raw milk. It is not known whether tuberculosis 
occurred among the cattle. She was married in 1933, but still continued 
milking. She had milked as recently as 3 weeks before the disease uas 
diagnosed. It is worthy of note that she was only a few months at her last 
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l-'ifl- 31. 

Case 01. A 20-year-old woman, li viiif* at Jiomc (father, farmer), with right-sided 
pulmonary tuberculosis. When the diagnosis was made, a mottled, partly con- 
fluent, parenchymal density could he seen in the upper half of the right lung, 
and in the right Sel-Ii there was a cavity nearly as large as a hen’s egg. liovinc 
tubercle bacilli were nbundantlg present in l lir sputum. In spite of artificial 
pneumothorax, followed hy cauterisation of adhesions, the changes progressed. 
Dentil look place about 1 year and 9 months after the diagnosing of the disease. 


situalion. Many of cal lie on this farm, which had been non-reactors for 
a very long lime, aflenvards gave a positive tuberculin reaction. The 
only explanation of the tuberculous infection of the animals offered in the 
report of the investigation is that they had been infected by the milkmaid. 

In May 1935 the patient had a urohh and a cough for a couple of weeks. 
She was then well until the beginning of .November, when the cough 
returned. She now felt fatigued, had night sweats and lost weight. At the 
end of December she began to complain of dyspnoea and a stitch in the 
right side of the chest. She was then also hoarse and had frequent, attacks 
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of vomiting The diagnosis of bilateral pulmonary tuberculosis was eshb- 
lished in January 1936. In the lower two-thirds of the right lung field 
there was a mottled, greatly confluent parenchymal density, while in the 
upper one-third a cavity as large as a mandarin could be seen. Extensive 
tuberculosis changes in the form of spots, here and there confluent were 
also observed in the lower two-thirds of the left lung. Moreover- large 
numbers of calcified nodes were discernible in both axillae and in the soft 
parts of the neck (Fig. 32), on the other hand, there were no signs (calci- 
fications, etc.) of an earlier primary infection within the regions of the lungs 
and hill. Bovine tubercle bacilli were very abundantly present in the sputum. 
The rate of sedimentation was 79 mm. Small tuberculous changes were 
observable in the larynx. During the subsequent period of care the patient’s 
condition rapidly deteriorated and she died in September 1936. Necropsy 
examination was not obtained. 


A 24-year-old woman with bilateral, exudative', pulmonanj 
tuberculosis (cavernous) and tuberculosis of the larynx, as well as 
signs of a previous tuberculosis of the cervical and axillary lymph 
nodes. She died about 9 months after the pulmonary affection had 
been diagnosed. Bovine T.B. were present in the sputum. The 
source of. infection was not traced. She almost certainly infected 
the herd on a farm where she had milked as recently as 3 weeks 
before the detection of the severe and extremely infectious lung 
lesions. 


Case 63. Female, aged 21. Dressmaker, Father, farmer, Skurup. 

The paternal grandmother died of pulmonary tuberculosis in 189). 
The father shows roentgenological evidence of a healed tuberculous primary 
complex, while the mother has only a few calcified spots in one lung. In 
other respects the family is free from tuberculosis. The patient was horn 
and brought up in the country. At an early age she worked on the farm, 
milked cows, and she had also consumed raw milk. Lately she had been 
employed as a dressmaker. The herd consists of 4 cows. No tuberculosis 
is said to have occurred among the animals. The source of infection was 


not discovered. 

In February 1935 the patient began to complain of a cough, she lost 
weight, frequently had night sweats and felt increasingly fatigued. But she 
continued working until June 193ofwhen it was found that she had a left- 
sided pulmonary tuberculosis. . The whole of the left lung field was ta^en 
up by a mottled, here and there confluent, parenchymal density. On the 
other hand no evidence (calcifications, etc.) of a previous primarv infection 
was discernible in the lung and hilar regions: On admission to a sanato- 
rium in July the same year the changes had progressed. Thus a caul, 
nearly as large as a lien’s egg had developed at the apex of the left lung {*»«,• 
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l ? lg. 32. 

Case 62. A woman of 21 years (wife of a farm-labourer) with tuberculosis oj 
the larynx and bilateral pulmonary tuberculosis, in addition lo evidence of a 
previous tuberculosis of the cervical and axillary lymph nodes. The picture 
shows the presence of a spotty, highly confluent, parenchymal density in the 
lower two-thirds of the right lung and a cavity as large as a mandarin in the 
upper one-third. Extensive, spotty, parenchymal changes are also visible in the 
left lung. Calcified lymph nodes can he observed in the axillae and the neck. 
Bovine tubercle bacilli occurred very abundantly in the sputum. The changes 
progressed rapidly, leading lo death about 9 months after the diagnosing of 

the pulmonary affection. 

The patient almost certainly infected the previously non-rcaclivc herd on a large 
farm where she had milked only 3 weeks before the detection of the disease. 
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33). The tuberculin reaction was positive. No 


tuberculosis of the cervical 


hmph nodes occurred. Bovine tubercle bacilli were found abundantly in ike 
sputum. A left artificial pneumothorax was induced at once hut n,‘ 
cavity could not be made to close, in spite of a cauterisation of adhesions 
made shortly afterwards. Instead of closing the cavitv became iucrcadir-lv 
larger, so that a rupture into the pleura was feared. Changes soon appeared 
also in the right lung. A left phrenic evulsion was performed in Fehruarv 

1 936. By this time tuberculous changes could also be shown in the rHit 
kidney, which was removed in .March 1936. The kidney was found tobo 
considerably enlarged, entirely interspersed with cavities, up to the size 
of a pigeon’s egg, which were filled with caseous matter. Grave changes 
were also present in the right ureter, with ulcerations along its entire 
length. The condition had deteriorated by January 1937, extensive tuber- 
culous changes being found in both lungs. The patient died in March 

1937. There was no necropsy examination. 

A 21-year-old woman with Icfl-sidcd, exudative pulmonary 
tuberculosis (cavernous). Despite a left artificial pneumothorax, 
followed by cauterisation of adhesions, and afterwards phrenic 
evulsion the cavity could not be closed nor the spread of the 
process arrested. The tuberculous changes progressed rapidly in 
both lungs. Right-sided renal tuberculosis also developed. The 
patient died about 1 year and 10 months after the disclosure of 
the pulmonary affection. Bovine T.B. were demonstrated in the 
sputum. The source of infection was not traced. 


Case. or. Male, aged 25. Farm-labourer, Lyby. 

The parents and other children healthy. The patient lived at home* 
until he was 22 years of age, when he attended the People’s High School 
at Ljungskile for 7 months. After leaving this school be again lived at 
home. He was not very interested in farming or tending cattle, therefore, 
be very seldom visited the cow -stalls, lie drank milk very reluctantly . 
For the last 25 years the herd on the farm has consisted of about 20 cattle, 
] 6 being milch cows. As far as is known, no tuberculosis of the udder 1ms 
occurred, nor has tuberculosis been detected on slaughter. Neilher did the 
clinical examination of the herd furnish any grounds for assuming that the 
patient, had been infected at home. Infection probably occurred during the 
period he was away from home. The source of infection could not he 

traced* 

Diabetes mellitus was diagnosed in 1936. In February 1937 he com 
plained of a »coM», and a persistent cough and fever appeared, e t si< e 
pulmonary tuberculosis was diagnosed a month later. In tie nm < e 
one-third 'of the left lung there appeared a confluent, cloudy mo « 
and a walnut-sized cavity laterally in I„ (Fig. 34). No evidence of a previous 
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Fig. 33. 

Case 63. A dressmaker aped 21 years (father, farmer) with left-sided pulmonary 
tuberculosis. When the diagnosis was made the whole of the left lung field 
showed a spotty, here and there confluent, parenchymal density. After a 
short time a cavity as large as a lien’s egg appeared at the apex of the left lung. 
Abundant bovine tubercle bacilli were found in Ihe sputum. In spile of artificial 
pneumothorax, later .supplemented with cauterisation of adhesions and phrenic 
evulsion, the disease continued to spread. Death occurred about 1 year and 10 
months after the detection of the affection. 

primary tuberculous infection (calcifications, etc.) could be seen in the 
lung and hilar regions, nor did the abdominal radiogram reveal any signs 
of calicified lymph nodes. The cervical lymph nodes were normal. The 
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tuberculin reaction was positive and the rate ot sedimentation no 
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artificial pneumothorax was induced on 25th March Atthenol 
satisfactory collapse of the lung was oMuinad.^^tt^taJ? 

"'"f ”, lll f ,n Mai ’ 11 "' as as lar e 6 » a plum. The condition after! 

wards gradually grew worse. In October spontaneous pneumothom 
occurred on the right side and the patient died on 2nd December 19:!? 
i here was no necropsy examination. ' ’• 

A 25-year-okl man with left-sided, exudative pulmonary tuber- 
culosis (cavernous). In spiLe of a left artificial pneumothorax and a 
satisfactory collapse of the lung, the cavity could not be obliterated, 
hut continued to grow larger. Later the process spread to the right 
lung, causing a spontaneous pneumothorax on that side. He died 
about 10 months after the affection had been diagnosed. Bovine 
T.B. were cultivated on two different occasionsfromthesputum. The 
source of infection was not discovered. 


Case <15. Female, aged 31. Wife of a farm-labourer, Loberod. 

The father died as the result of an accident. The mother, the husband 
and 3 children are healthy. One. child lias tuberculous lymphomata on 
the neck. The patient, who was horn and brought up in the country, had 
been employed as milkmaid at different farms. She had also drunk raw 
milk. It is not known whether tuberculosis occurred among the cattle.The 
source of infection was not traced. 

In May 1934 the patient had a cough, which Avas at first dry, but large 
quantities of expectoration were later coughed up. Shortly afterwards 
she became hoarse and had a stitch dorsally on the left side. After a con- 
finement in June 1934 her condition deteriorated considerably. She now 


had a high fever. In July left-sided pulmonary tuberculosis was diagnosed. 
In the apex of the left lung there appeared a cavity nearly as large as a 
plum and just below it another cavity the size of a hazel-nut. In the 
surroundings, especially medially, a rather diffuse parenchymal density 
could he seen (Fig. 35). On the other hand, no signs of an earlier primary 
infection (calcifications, etc.) Avere discernible in the regions of the lungs 
and hili nor in the abdomen. Bovine tubercle bacilli were abundantly faun 
in the sputum. The cervical lymph nodes Avere normal. The tuberculin 
reaction was positive. A left artificial pneumothorax was induced almos 
at once, and ow'ingto the spread of the process to the right king m beptem- 
ber 1934 pneumothorax treatment became necessary on that side too. 
The cavities in the left lung at first closed Avell but they soon began 
increase again, in spite of the fact that the lung had co apse 
factorily. In July 1936 tuberculosis of the larynx was detects 
thorax treatment of the left lung did not result m the closure 
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Case Cl. A 25-year-old farm-labourer with left-sided pulmonary tuberculosis. 
Tile condition at the time the affection was diagnosed is shown in the picture. 
In the middle field of the lefl lung there occurred a confluent. cloudy mottling 
and laterally in Ijj there was a walnut-sized cavity. Bovine tubercle bacilli 
occurred very abundantly in the sputum. The changes progressed in spile* of 
pneumothorax treatment. Death look place about 10 months after the diagnos- 
ing of the affection. 


cavities; the patient still continued to lie highly infectious. She died 
in September 1937 after repeated haemoptyses. There was no necropsy 
examination. 

A woman of 31 with left-sided pulmonary tuberculosis (caver- 
nous). In spile of artificial pneumothorax, followed later by 
oleothorax treatment, the cavities could nol be made to collapse. 
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process spread irresistably; tuberculosis 0 / the larynx appeared 
1 he patient died about 3 years after the diagnosis of the disease' 

Bovine T B. were present in the sputum. The source of infection 
was not discovered. 


Case 66. Female, aged 19. Wife of a farm-labourer, Borrirme. 

The parents are in good health. A maternal aunt had pulmonary tubor- 
culosis in 1935, but the patient had not met her for 8 years. The husband 
is healthy. The only child was admitted to hospital in '193G (at the age of 
3 months)- under the diagnosis of tuberculous infection -f rickefs - 
spasmophilia + anaemia. The tuberculin reaction was positive. The radio- 
logical examination of the lungs showed nothing abnormal. Since the age 
of 13 the patient had been employed as a servant at different farms. She 
took part in milking; and had also consumed raw milk. It is not known 
whether tuberculosis occurred among the cattle. The herd belonging 
to the farm at which she was last employed was non-reactive to tuber- 
culin. The source of infection was not traced. 

In November 1935 the patient had a nasal catarrh, sore throat and ex- 
pectorated a moderate quantity of greenish sputum. She soon afterwards 
had fatigue, loss of appetite and a stitch in the right side of the chest. Bilateral 
pulmonary tuberculosis was diagnosed in February 1930. Extensive spotty 
parenchymal densities were present in both lungs, two large cavities being 
also seen at the base of the right lung. On the other hand, no evidence 
(calcifications, etc.) of a previous tuberculous primary* infection was 
discernible in the lung and hilar regions (Fig. 36). The radiographic 
examination of the abdomen revealed no calcified lymph nodes. The 
cervical lymph nodes were normal. The tuberculin reaction was positive and 
the rate of sedimentation 126 mm. Bovine tubercle bacilli were eery abun- 
dantly present in the sputum. Bilateral pneumothorax was induced m Au- 
gust 1936, followed later by right-sided cauterisation of adhesions. But 
closure of the cavities was not obtained and the patient’s condition deterio- 
rated. Symptoms of intestinal tuberculosis appeared. The patient died on 
4th February 1937. There was no necropsy. 

A 19-year-old woman with a very advanced bilateral pulmonary 
tuberculosis (cavernous). In spite of bilateral artificial pnernno 
thorax and right-sided cauterisation of adhesions the closure of the 
cavities was not obtained. Intestinal tuberculosis developed. The 
patient died about 1 year after the disease had been diagnosed. 
Bovine T.B. were present in the sputum. The source of mfec ion 
was not discovered. 


Case 67. Male, aged 68. Farmer, Svedala. . ollslv had a 

No family history of tuberculosis. The patient, who p 
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Fig. 35. 

Case 65. A woman of 31 years (wife of a farm labourer) with left-sided pulmonary 
tuberculosis. The picture shows the appearance of the changes at the time the 
affection was diagnosed. At the apex of the left lung there was a plum-sized 
cavity, below which there was another cavity the size of a hazel-nut. A com- 
pact density is seen medially to the cavities. Abundant bovine tubercle bacilli were 
found in the sputum. In spite of artificial pneumothorax, followed later by 
oleothorax treatment, the process continued to spread. The patient died about 
3 years after the disease had been diagnosed. 

small farm, had milked and also consumed raw milk. No information is 
available as to whether tuberculosis occurred among the cattle. 

The patient had had a cough for about a year or two. In March 193G 
the cough increased and he now had sputum and felt fatigued. Afterwards 
his strength rapidly declined. Fever developed. He lost about 10 kilos in 
a year. lie was admitted to hospital on 30th September 1936, where he died 
of pulmonary tuberculosis already on 12th October. Both lungs were 
interspersed with spotty parenchymal densities. At the apex of the. left 
lung there was a plum-sized cavity (Fig. 37). The radiographic examination 
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Fig. 36. 

Case 66. A woman aged 10 years (wife of a farm-labourer) with bilaterat pulmo- 
nary tuberculosis. When the diagnosis was made (see above) extensive, spotty 
parenchymal changes could be seen in both lungs. At the base of the right lung 
there were also two large cavities. Bovine tubercle bacilli were found very abun- 
dantly in the sputum. Despite bilateral pneumothorax treatment, supplemented 
with cauterisation of adhesions on the right side, the patient died about 1 year 
after the detection of the disease. 

revealed no signs (calcifications, etc.) of a previous primary infection in 
the regions of the lungs and hili. The sedimentation rate was 5-1 mm. 
Bovine tubercle bacilli were abundantly present in the sputum. 

The report of the necropsy (performed by Dr. F. Koch) was: Section 
through the different lung lobes everywhere showed tire presence of an 
acino-nodose tuberculosis. The cavity in the left upper lobe had a well- 
defined wall. Like the cavity, the drainage bronchus was abundantly filled 
with masses of mucopurulent matter. In the larynx there were several 
typical tuberculous ulcerations, which -were • also met with in the small 
intestine. The mesentery contained partly old, calcified nodes, partly 
fresher, slightly haemorrhagic, swollen lymph nodes. 
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Case 07 . A farmer agecl GS years villi bilateral pulmonary tuberculosis. When 
the disease was diagnosed tiie lungs were covered with spotty parenchymal 
densities. In addition there was a plum-sized cavity in the left apical field. 
Abundant bovine tubercle bacilli were present in the sputum. The condition deterio- 
rated very rapidly. Death look place already after 2 weeks. 

The necropsy diagnosis was: The. pubn. amb. c. cavern, lob. sup. pul in. 
sin. 4- tbc. inlestini -f the. laryngis. 

A GS-ycar-old man with bilateral pulmonary tuberculosis (caver- 
nous), which resulted in his death only 2 weeks after the affection 
had been diagnosed. Bovine T.B. were demonstrated in the 
sputum and in the mesenterial lymph nodes. The source of infec- 
tion was not traced. The necropsy examination revealed the'pre- 
sence of an old tuberculosis of the abdominal lymph nodes. 



102 


B. Analysis of the Material. 

As already mentioned, 67 cases of bovine tuberculosis in man 
were detected in typings of tubercle bacilli during the years I93G- 
1939 in the southernmost part of Sweden (the Province of Skane). 
An additional 27 cases have been diagnosed while the work was 
being collocated. As these latter cases agree completely as regards 
behaviour, appearance and course with those previously observed 
they have not been included in the present series, but will be men- 
tioned occasionally in the classification. Of these new cases 1 had 
no demonstrable tuberculous changes, although bovine tubercle 
bacilli were found in the. stomach washing, 3 showed the picture 
of a primary' complex with pulmonary and hilar changes. The 
others had tuberculous meningitis (1 case), tuberculous pleurisy 
(2 cases), tuberculous peritonitis (1 case), tuberculosis of the cervical 
lymph nodes (5 cases), bone tuberculosis (4 cases), urogenitalluber- 
culosis (2 cases) and pulmonary tuberculosis (8 cases). 

Thus altogether 94 cases of bovine tuberculosis in man have been 
discovered in Shane. A detailed report (v. Case Histories, p. 19) 
has already been given of 67 of these cases. The number of cases 
found, however, certainly constitutes only a small part of the 
actual cases of bovine tuberculosis in man occurring in Skane. 
The reason for this is that the main object of the investigation was 
to ascertain the number of pulmonary tuberculosis cases in Skane 
due to the bovine type of bacillus. The investigation is therefore 
as complete as possible only in so far as pulmonary tuberculosis 
is concerned, a form of the disease, according. to all experience, that 
is less frequently due to the bovine bacillus than other tuberculous 
manifestations, such as tuberculosis of bones and lymph nodes, 
meningitis, peritonitis, urogenital tuberculosis, etc. Material from 
the latter were also examined, it is true, but only to a small extent. 
Nor was any pressure exercised so as to get a more general sending 
in of such material for examination. Further support to the above 
assertion that the number of cases of bovine tuberculosis in Skane 
is much higher than that indicated by the figures recorded above 
is afforded by the fact that the present series consists of only a 
small number of children (Tables 2-3), in whom bovine tuberculosis 
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is especially common, owing to the large quantities of cow’s milk 
ingested. The number of cases observed is nevertheless sufficient 
to convey a rather good idea of the clinical picture of bovine tuber- 
culosis in man. 


The present material thus consists of 67 cases. A great many 
radiograms illustrate the appearance of the tuberculous changes at 
the time the disease was diagnosed. For the sake of surveyability, 
the essential data of the case histories have been summarized in 
two large tables, one of which (Table 5) gives the more important 
anamnestic information, the occurrence and development of the 
changes. The other table (Table 7) furnishes particulars of the 
symptomatology of the cases of bovine tuberculosis and the appear- 
ance of the changes when the disease was diagnosed. 

From Table 2 it will be seen that 33 of the 67 cases were males 
and 3-1 females. Thus in the prcscnl material there, is no sc.v differ- 
ence in the distribution of the tuberculous cases. The same result, will 
be obtained if the cases are divided into groups according to the. 
localisation and appearance of the changes (Table 6). Only in 
the group of pulm. tbc. (Group 10) is the frequency among 
the females higher than among the males. Of the 2S cases be- 
longing to this group 11 were males and 17 females (Tabic S, 
page M9). The number of cases, however, is too small to permit 
any definite conclusion being drawn from this difference. Still 
the distribution between the sexes agrees with that in pulmo- 
nary lubcrculorsis due to the human type of bacillus, which form 
of the disease is undoubtedly more frequent among females than 
among males in Skane. 

Table 2 shows also the. ayes of the patients at the time the disease, 
was diagnosed. The figures show, that the eases of bovine tuber- 
culosis arc distributed remarkably evenly among the different age 
groups from < 1 year up to -12 years, afterwards decreasing in fre- 
quency. In three cases bovine pulmonary tuberculosis was first 


detected at such an advanced age as 62— GS years, which must be 
considered to be very surprising. Finally, if the material is classi- 
fied into 3 age groups, 0—1 years, 5 — M years and > 15 years, 
as done by some authors, the result will be that shown in Table 3. 
The figures in brackets (Table 3) denote the new cases of bovine 
tuberculosis detected after the conclusion of the investigation. As 
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Table 2. 

-V at the lime o/ diagnosis. 



appears from the table, the material contains only a few children, 
a fact already mentioned. The majority of the patients belong 
to the > 15 years age group. It would be of great interest to learn 
in what age groups the patients were when the different tuberculous 
manifestations were demonstrable. A critical examination of the 
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cases from this point of view 7 shows that miliary tuberculosis, 
meningitis and perilonitis occurred exclusively among the children. 
Primary pulmonarj 7 lesions, tuberculosis of the lymphatic nodes 
and bone tuberculosis v'ere in this material somewhat more common 
or about as common among the children as among the adults. On 
the other hand, nearly all cases of pulmonary tuberculosis, pleu- 
risy and urogenital tuberculosis occurred among the adults. The 
material is of course too small to warrant anj 7 definite conclusion 
being drawn from this. It nevertheless appears as if the different 
changes in bovine tuberculosis occur at about the same period of 
life as those following infections by the human tubercle bacilli. 


Tabic 4. 


Occupation 

Males 

Females 

Children 

Total 

Veterinarians, butchers, fanners, 
tenant-farmers, cowmen, farm- 
servants, farm-labourers (their 

\vi\es or children) 

Other occupations 

M 

8 

1-1 

12 

15 

•1 

-13 

2-1 

Total 

22 

20 

19 

07 


The occupations of the different tuberculous cases are shown in 
Table 4. Some authors have asserted that bovine tuberculosis is an 
occupation disease, especially affecting those people living in more 
regular contact with cattle. In order to ascertain whether that is 
the case even in my material, I have divided the occupations of 
the patients into two large groups, according to the more or less 
intimate contact of those engaged in these occupations with cattle. 
The first group consists of veterinarians, butchers, farmers, tenant- 
farmers, cowmen, farm-servants, farm-labourers, their w r ives or 
children. The second group comprises persons engaged in occu- 
pations other than those mentioned in the first group. This second 
group includes plumbers, metal-workers, building-trade operatives, 
textile workers, stone-cutters, brickyard workers, transport- 
workers, labourers, taxi-drivers, painters, shop-assistants, domestic 
servants, etc. and the wives or children of such persons. The table 
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shows very clearly the great risk run by those persons engage! in 
the occupations included in the first group. Not less than 43 of 
the 67 cases of bovine tuberculosis occurred among persons belong- 
ing to this group. ° 

Bui even if no regard, is paid io the occupational risk itself, (here 
cannot be any doubt that the risks of acquiring a bovine tuberculous 
infection arc very much greater in rural districts than in towns. At 
the end of 1938 the population of Skane amounted to 773,363 
persons, 447,025 living in the rural districts and 326,338 in towns. 
In spite of the high figure for the urban population it is repre- 
sented in this material by only 14 cases, and several of these cases 
almost certainly acquired their bovine infection during an earlier 
stay in the country (Cases 23, 30, etc.). The other 53 cases were 
found in the rural districts. The reason why the risk of infection 
is greater among the rural population is rather obvious. In 
towns pasteurised milk or so-called Certified Milk, i.e. milk 
from tuberculosis-free herds, which are under continuous control, 
is drunk almost exclusively. On the other hand, in the country, 
where the workmen’s wages often include milk for household con- 
sumption, raw milk is drunk to a very great extent. That was so, 
for instance, in not less than 56 of the 67 cases. Moreover, the 
rural population — in contrast to the urban population — is exposed 
to the risk of a direct transmission of tubercle bacilli from cattle 
(by dirt, inhalation), especially when tending or milking the animals. 
29 of the 67 patients had milked cows. That a direct transmission of 
the infection took place in some of these cases will be shown below. 

In spite of an investigation carried out for that purpose, the 
source of infection was discovered in only 15 of the 67 cases. The 
reason for this is that the changes were as a rule not entirely fresh 
when first detected. Further, in some cases the patients had changed 
situations several times in recent years. In the cases affected with 
tuberculosis of the cervical lymph nodes, bone, urogenital and pul- 
monary tuberculosis, there was probably, as a rule, a relatively 
long interval between the primary infection and the appearance 
of the morbid changes (Groups 7 — 10, Table 6), for the source of 
infection was discovered in only 3 of the 50 cases belonging to these 
groups. But it was quite a different matter when the tuberculous 
infection was fairly fresh. Thus, for instance, the source of infection 
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could be shown in 8 of the 9 cases affected with hilar or pulmonary 
changes (or both) occurring in association with or shortly after the 
primary infection (Group 2, Table 6). If we include the cases of 
miliary tuberculosis, tuberculous meningitis, tuberculous pleurisy, 
tuberculous peritonitis, etc. (Groups 1 — 6), the source of infection 
was found in not less than 12 of the 17 cases. 

Since the source of infection was not always discovered and 
some of the patients had moved from one place of work to another, 
a map showing where the patients lived when their affection was 
diagnosed would be of only a limited value. Owing to the fact 
that the patients nearly always moved within the borders of the 
same county, it is nevertheless possible to obtain some idea, although 
somewhat uncertain, of the distribution of the tuberculous cases 
within the two counties which together form the Province of Skanc, 
viz. the counties of Malmohus and Kristianstad.' 

Fig. 38 shows all the described cases of bovine tuberculosis, 
while Fig. 39 records only the cases of bovine primary, secondary 
and tertiary pulmonary tuberculosis in man (Cases 2 — 12, 15, 19, 
29, 39 — 67). The maps represent the southernmost part of 
Sweden, the Province of Skanc. The houndary-line between the 
two counties of Malmohus and Kristianstad is marked by a 
jagged line running downwards from left to right. The pin-heads 
mark the locations of the bovine cases when the disease was 
diagnosed. From the maps it will be seen that nearly all cases of 
bovine tuberculosis were found in the county of Malmohus. It is 
especially noteworthy that all cases of bovine pulmonary tubercu- 
losis occurred in that county, as this category of cases was inves- 
tigated very carefully. Tuberculosis in cattle is exceedingly common 
also in the county of Kristianstad, therefore a more uniform distri- 
bution of the cases of bovine pulmonary tuberculosis in man might 
have been expected in the Province of Skane. The cause why the 
bovine cases in man where nevertheless most common in the County 
of Malmohus will be discussed later by Lindau and Magnusson in 
their papers. 

In 32 of the 67 cases other members of the family had previously 
had or still manifested evidence of tuberculosis, which was undoub- 
tedly of bovine origin in some cases. Thus Cases 2 — 4, two sisters 
and a brother, became ill at the same time as three more children 
of the family. The latter bad about the same general symptoms 



Fig. 38. Cases of bovine tuberculosis in man in the Province of Skane. 

as the former and were so ill that they required several months’ 
institutional care. One of them had also erythema nodosum and 
hilar adenitis. Although no tubercle bacilli could be demonstrated, 
thus excluding the cases from this classification, there can hardly 
be any doubt that they also had bovine tuberculosis. The source 
of infection was tuberculous cattle on the farm. About the same 
thing applies to Case 5, who fell ill at the same time as 3 more 
children of the family. One of the latter had erythema nodosum, 
another had erythema nodosum and a primary complex in the right 
lung and hilar region, while the third developed intestinal tuber- 
culosis. As examinations failed to reveal tubercle bacilli, these 
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I 7 ip. 30. Cases of bovine primary, secondary and tertiary pulmonary tuberculosis 
in man in the Province of Skfmc. 


children have not been included in the present series, although there 
can hardly he any doubt as to the etiology of the disease. In these 
cases, too, the source of infection was tuberculous cows on the farm. 

Bovine tuberculosis certainly occurred also in a half-brother of 
Case 17, both of whom had drunk raw milk from a herd, among 
which not less than 13 animals were found to be affected with open 
tuberculosis. As the result of this severe infection the patient devel- 
oped the. lymphogland. region, coll, et bronchial. Bovine tubercle 
bacilli were present in the gastric lavage. This case was not observed 
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until utter the conclusion of the investigation and, for reasons 
already mentioned, is not included in the classification. Cases 8 
and 49 are two sisters with bovine tuberculosis. These two cases 
arc of exceedingly great interest, as they may have transmitted the 
infection to one another. But before bovine tuberculosis can safely be 
said lo be transmitted by inhalation from one human being to another 
the following conditions must be fulfilled. Phthisis should not be 
present in both cases, for in that event they may have been infected 
at the same time — perhaps long ago — by milk from tuberculous 
cows. Further one of them should have a cavernous phthisis with 
abundant tubercle bacilli in the sputum, and the other should 
have acquired a primary complex in the lung and hilar regions or a 
hilar adenitis. Bovine tubercle bacilli must be demonstrated in 
both of them. Finally, the possibility of a fresh infection from cattle 
must be excluded. It goes without saying that it is extremely 
seldom that all these conditions can he fulfilled, but Cases 8 and 
49 (Figs. 6, 7, 19) do so. 

Tuberculous changes of probably bovine etiology were found 
in the mother and two sisters of Case 18. On a radiological exa- 
mination of the abdomen the mother showed a packet, nearly as 
large as a goose's egg, of hazel-nut-sized calcified lymph nodes in the 
median line on a level with L x and L ir , and also calcareous spots 
the size of grains of rice in the upper part of the abdomen, which may 
represent calcifications in the liver, the spleen and the peritoneum. 
A sister had a bean-sized collection of calcified mesenterial nodes, 
and another sister bad a calcified patch as large as a broad-bean 
above the central part of the sacrum. In these cases the suspicion 
of bovine etiology is based of course on the extensive calcifications 
in the abdomen and the simultaneous absence of any demonstrable 
tuberculous changes elsewhere. It is also worthy of note that three 
more children in this family had an increased rate of sedimentation 
for a long time, but no tuberculous changes could be detected. 

Thus in a number of cases changes of a more or less certain bovine 
origin were found in other members of the family. Two cases (Cases 
42 and 45) bad tuberculous relatives, but the typing of the bacilli 
revealed that the changes were due to the human tubercle bacillus. 
In the other cases the bacilli could not be typed, either because the 
patients in question had already died or were no longer infectious 
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When the investigation was started. In most cases it is therefore 
impossible at present to determine whether the tuberculous changes 
found in the relatives of the patients were of human or bovine 
origin. There is nothing, however, that goes to show that the 
etiology of the changes must necessarily be bovine. The markedly 
high frequency of tuberculous changes in the relatives of these cases 
of bovine tuberculosis only implies that these families may have 
had a reduced resistance to tuberculous infections on the whole. 

From Table 5 it will also be seen that the bovine cases had 
rather frequently had earlier diseases of importance. Thus diabetes 
mcllitus occurred in 3 cases (Cases 40, 48 and 64). Of greater interest, 
however, is the presence of earlier tuberculous changes or residues 
of such lesions, as by that means it may be possible to determine 
with some degree of certitude the location of the primary infec- 
tion, in other words, the route of infection. Among diseases pre- 
ceding the present changes may be mentioned erythema nodosum 
alone (Cases 39 and 49) or erythema nodosum accompanied by a 
tuberculous primary complex in the lung, as well as pulmonary 
tuberculosis (Case 15), and, further, scrofula (Case 46) and 
exudative pleurisy (Cases 45, 48 and 60). Rests of earlier 
tuberculous lesions were found in several cases. Thus I found 
calcified residues of a primary complex in the lung (Cases 28 and 
34), of a hilar adenitis (Cases 47 and 51), of tuberculosis of the 
cervical and axillary lymph nodes (Case 62), of tuberculosis of the 
abdominal lymph nodes (Cases 35, 36, 52, 53, 55 and 67). In two 
of the last-mentioned cases (Cases 52 and 53) tuberculosis of the 
cervical lymph nodes occurred at the same time. Finally, calcified 
rests of a pulmonary tuberculosis were noted in one case (Case 38). 
The route of infection, however, is also apparent from the loca- 
tion of the initial changes in a fresh bovine infection, and also 
from the result of the post-mortem examination. I shall recur later 
lo this extremely interesting question, so important for the cam- 
paign against bovine tuberculosis. 

In order to give the reader a more lucid survey, the bovine cases 
have been referred to one of the following groups (Table 6) accord- 
ing lo the nature and location of (he changes. The grouping is 
rather schematic, as several of the tuberculous cases had simulta- 
neous changes in different parts of the body. In referring the cases 
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1 F 




3 M 




5 M 





Occup- 
j ation 

Living 

in 

Father, 

farm- 

labourer 

[ Country 

1 

i 

Father, 

crofter 

| Country , 

: 

Father, 

crofter 

i 

! 

Country 

Father, 

crofter 

1 . 

Counti y 

Father, 

farm- 

labourer 

Country 

i 

Farmer 

Country 

j 

Father, 

farmer 

Country 

t 

j 

j 


Family History 


Drank 

raw 

milk 



Source of 
infection 
traced 


ary, non-bacillary 
pulmonary tuber- 
culosis 


Cases 2—4 are 1 
brothers and sisters. 
Maternal aunt andj 
uncle died of pulm-' 
onary tuberculosis.' 
The patients have 
never met them. 
Father had exud- 
ative pleurisy at 8 
years of age. Three 
more children of the 
family became ill 
at the same time as 
the patients, but no 
bacilli could be 
shown. One of them 
had erythema nodos- 
um and hilar aden- 
itis. 


in the family were 
taken ill. No bacil- 
li, however, could be 
shown. One of them 
had erythema nodos- 
um, another ery- 
thema nodosum and 
a primary complex. 
The third had ab- 
dominal tuberculosis. 










Yes Yes 



Yes Yes 
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5 . 


; Bovine Tuberculosis. 


Onset ami course of t lie bovine tuberculosis 

Diagnosis on detection 
of disease 

Bovine tubercle 
bacilli shown in 

Treatment 

Course of disease 

Present 

condi- 

tion 

Nec- 

rop- 

sy 

Bovine T.B. infection 
(no demonstrable tuber- 
culous manifestations) 

Stomach washing 

Observation 

No tuberculous changes 
have since appeared 

flood 

-- 

Erythema nodosum, 
hilar adenitis and pulm- 
onary tuberculosis with 
atelectasis (primary 

complex) ( Fig. 1) 

Sputum, 

stomach washing 

Hospital care 

Regression 

flood 


Erythema nodosum and 
hilar adenitis ( Fig. 2) 

Stomach washing 

Hospital care 

Regression 

flood 


Erythema nodosum and 
hilar admit is 

Sputum, 

stomach washing 

Hospital care 

Central tuberculous 
changes in the left lung 
1 year later. Afterwards 
a slow regression of the 
changes 

Good 


Erythema nodosum, 
hilar adenitis and pulm. 
the. (primary complex) 

Stomach washing 

Hospital care 

Regression 

Good 


Hilar adenitis and pulm. 
the. (primary complex) 
O-'ig. 3) 


Hospital care 

Regression 

Good 

— 

Hilar adenitis and pulm. 
the. with atelectasis 
(primary complex) (Figs. 

•«-5) 

Sputum, 

stomach washing 
and tuberculoma 

Hospital care 

The changes slowly re- 
gressed. Later a tuber- 
culoma appeared in the 
cerebellum. Died about 

1 year after onset of 
disease. 

Dead 



8 
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Casc Sex V'e ° CCUP " 
No. p ation 



General anamnestic data 


Family History 



Country 


Yes Yes 



1 — 

Country Paternal uncle has Yes No 
tormerly had pulm. 
the.; now non-bac- 
illarv and well 


Country 


Yes No 


■ 

■ 



, Father, Co.ntr, E X “ 

niths farmer ® 1 


23 Living at Country 

home. 

Father, 

farmer 

Parish Country 
constable 


No V 


Yes N 



1( 5 yi l(i Father, Country 
mths farm- I 
labourer 
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Onset and course of the bovine tuberculosis 


Diagnosis on detection 
of disease 

Bovine tubercle 
bacilli shown in 

Treatment 

Course of disease 

Present 

condi- 

tion 

Erythema nodosum, 
hilar adenitis and pulm. 
the. (primary complex) 
(Figs. (1—7) 

Stomach washing 

1 fospital care 

Regression 

Good 

Erythema nodosum, 
hilar adenitis and pulm. 
the. (primary complex) 

Sputum 

Hospital care 

Regression 

Good 

Hilar adenitis, pulm. 
tbc., the. of mediastinal 
lymph nodes (primary 
complex) (Figs. 8 — 0) 

Pleural exudate, 
lung tissue 

Hospital care. 
Artificial pneum- 
othorax 

The lung changes pro- 
gressed. Later miliary 
dissemination to various 
organs. Died about 13 
months after diagnosis 
of tbc 

Dead 

Bovine primary tbc. 
in the abdomen, acute 
miliary tbc. and tbc. 
meningitis (Fig. 10) 

Cerebrospinal 

fluid 

Hospital care 

Died about 1 monlb 
after detection of tbc. 

Dead 

Bovine primary tbc. in 
the abdomen, acute mil- 
iary tbc. and tbc. men- 
ingitis 

Cerebrospinal 

fluid 

Hospital care 

Died 8 days after 
detection of tbc. 

Dead 

Tuberculous meningitis 

Cerebrospinal 

fluid 

I fospital care 

Died about 2 weeks 
after detection of tbc. 

Dead 

Tuberculous pleurisy 

Pleural exudate 

1 fospital care 

Regression 

Good 

Tuberculous pleurisy 
in lb.'jii 

Pleural exudate 

Hospital care 

Regression 

Good 

Bovine primary infect- 
ion of abdomen, tuber- 
culous peritonitis 

Mesenterial 
lymph node 

Hospital care 

Died some weeks after 
onset of the disease 

Dead 
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Continued 


General anamnestic data 


Case 

No. 

Sex 

Age 

Occup- 

ation 

Living 

in 

Family History 

Drank 

raw 

milk 

(2 

Source of 
infection 
traced 

Crevices 
illness of 

17 

M 

10 

mtlis 

Father, 

groom 

Country 

Half-brother had 
lymphom. tbc. colli 
+ tbc. lymphogl. 
bronchial, (bovine) 

Yes 

No 

Yes 


18 

F 

15 

mtlis 

Father, 

unskilled 

labourer 

Country 

Mother and 2 sist- 
ers showed evidence 
of previous abdom- 
inal tbc. (calc.) 

Yes 

No 

Yes 

— 

19 

M 

3 

Father, 

farmer 

Country 

*“ ’ 

Yes 

1 

No 

— 


20 

3NI 

5 

Father, 

farni- 

labourcr 

21 

F 

21 

Wife of 
stone- 
cutter 

22 

M 

17 

Metal- 

worker 

23 

M 

7 

Father, 

taxi- 

driver 

24 


■ 

4 

Father, 

transport- 

worker 

■ 

M 

5 

Father, 

farmer 

26 

M 

20 

Father, 

tenant- 

farmer 
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Onset and course of the bovine tuberculosis 


Diagnosis on detection Bovine tubercle 
of disease bacilli shown in 


Bovine primary inlcst- Mesenterial 
inal tuberculosis, tub- lymph node: pus 
erculous peritonitis in abdomen 


Treatment 



Tbc. of cervical 
lymph nodes 


Tbc. of cervical 
lymph nodes 


Stomach washing Hospital care 


Course of disease 


onset of disease (due 
to perforation of a 
tuberculous intestinal 
ulcer 


Degression 



Cervical lymph Hospital care. Died It) months later Dead Yes 
node Scraping of lique- owing to acute miliary 

tied lymphoma dissemination to various 
organs 


Tbc. of tonsils and Tonsillar tissue Hospital care, 
cervical lymph nodes Tonsillectomy + 

(primary complex?) ahrasio, extirpa- 

tion of lvmphom- 
ata 


Degression 



Tbc. of cervical 
Jyiupli nodes 


The. of cervical 
lymph nodes 


Tbc of tonsils and 
cervical lymph nodes 
(primary complex?) 


Cervical lymph 
node 


Bunelate from 
tuberrulous cer- 
vical node 


Tonsillar tissue 


Phlyclena, the. of ccrv- Stomach washing 
ical lymph nodes, hilar 
adenitis and transient 
infiltration of right lung 


Bone the. with abscess 


Bone the. with abscess 


Hospital care. 
Extirpation of 
lymphomata 


Hospital care. 
Extirpation of 
lymphomata 


Hospital care. 
Tonsilleelomv 


Hospital care 


Degression 


Degression 


Degression 








Hospital care 


Regression 



Hospital care Died 1 months after Dead No 
detection of disease 
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Case 

No. 

i 

Sex 

i 27 

M 


General anamnestic data 


Drank S Source of 
Family History raw 2 infection 
milk £ traced 



35 M 34 Taxi- 
driver 


3 g p 34 Micro- Country 
scopist 


Signs (calc.) 
of an earlier 
tuberculous j 
infection inj 
left lung and 
hilar region 
(healed prim- 
ary complex) 

Evidence of 
old tbc. of 
abdominal 
lympb. nodes 

Evidence oi 
old tbc. of 
abdominal 
lymph nodes 
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Onset and course of the bovine tuberculosis 


Diagnosis on detection 
of disease 

Bovine tubercle 
bacilli shown in 

Treatment 

Course of disease 

Present 

condi- 

tion 

Bone tbc. with abscess 

Abscess punctate 

Hospital care 

Regression 

Good 

Bone tbc. with abscess 

Abscess punctate 

Hospital care 

Regression. General con- 
dition poor, owing to 
decrepitude 

Poor 

Bone and pulm. tbc. 
in 1937 

Knee-joint 

punctate 

Hospital care 

Regression 

Good 

Tbc. of right epididymis 

Urine 

Hospital care 

Stationary 

Good 

Bursitis tbc. tuberosit. 
tibiae + tbc. rcnis.sin. 

Urine 

Hospital care. 
Nephrectomy 

Regression 

Good 

Left-sided renal tbc. 

Urine 

Hospital care. 
Left-sided neph- 
rectomy 

Later also right-sided 
renal tbc. 

Good 

Left-sided renal tbc. 

Urine 

Hospital care. 
Left-sided neph- 
rectomy 

Later also right-sided 
renal tbc. Died about 
'1 years after onset of the 
disease 

Dead 

Bilateral renal tbc. 

Urine 

Hospital care. 
Left-sided neph- 
rectomy 

Symptom-free 

Good 

Right-sided renal the. 

Pus from pyo- 
nephrosis sac 

Hospital care. 
Nephrectomy 

Symptom-free 

Good 

Left-sided renal the. 

Urine 

Hospital care. 
Nephrectomy 

Symptom-free 

Good 
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Case 

No. 

Sex 

Age ! 

! 

| 37 

M 

25 


General anamnestic data 


® Family History 


labourer 


32 Building- Country Brother died ol bone Yes Yes N 
trade tbc. 

operative 


Previous 
illness of 
interest 


41 M 


Textile Country 
■worker 


Yes No No 


Paternal aunt has 
had pleurisy. FatheT 
died of pulm. tbc. in 
1925. Sister has 
pulm. tbc. (human 
IT.B.) 

Sister had erythema 
nodosum 


Typist Town 


No No 


Two of brother’s 
children have pulm. 
tbc. ( human T.B.) 
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Onset and course of the bovine tuberculosis 

Diagnosis on detection 
of disease 

Bovine tubercle 
bacilli shown in 

Treatment 

Course of disease 

Present 

condi- 

tion 

Nec- 

rop- 

sy 


Right-sided renal tbc. 

Urine 

Hospital care. 
Nephrectomy 

Symptom-free 

Good 

Bilateral renal tbc. in 
1935 

Urine 

Hospital care 

Right-sided exudative 
pleurisy and diabetes 
mellitus in 1937 

Good 

Right-sided renal tbc. 
and right-sided pulm. 
tbc. (lion-cavernous) in 
1937 

Urine 

Hospital care 

Lung changes have since 
progressed a little, but 
are non-bacillary 

Good 

Bilateral pulm. tbc. 
(cavernous) (Fig. 11) 

Sputum 

Hospital care 

Condition gradually de- 
teriorated, mostly due 
to diabetes. Died about 
C months after diagnos- 
ing of disease 

Dead. 

Bilateral pulm. tbc. (noil- 
cavernous) (Fig. 12) 

Sputum 

Hospital care 

Regression 

Good 

Right-sided pulm. tbc. 
(cavernous) (Fig. 13) 

Sputum 

Hospital care 

Regression 

Good 

Left-sided pulm. tbc. 
(non-cavernous) 

Stomach washing 

Hospital care 

Regression 

Good 

Bilateral pulm. tbc. 
(non-cavernous) (Fig. 
14) 

Sputum 

Hospital care. 
Bilateral pneu- 
mothorax 

Progression 

Hope- 

less 


Bilateral pulm. Ibc. Pleural exudate Hospital care, 
(lion-cavernous) in 1937 Sputum Thoracentesis 

(Fig. 15) 


Stationary 


Fairly 

good 
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no m 


51 F 


Age 

Occup- 

ation 

1 

Living 

in 

IS 

Farm- 

labourer 

j 

Country 

17 

i 

Shop- 

assistant 

Town 

i 

35 

1 

Wife of 
hospital- 
attendant 

Town 

2-1 

i 

t 

1 

Wife of 
farmer 

Town 

•17 

Farm- ! 
labourer 

Country 

j 12 

Father, 

farmer 

Country 

18 

Dress- 
maker ! 

Town 

30 

i 

Photo- 

grapher 

Town 


Drank I £( I Source of 


traced 


Yes Yes No 


No Suspected 
pulm. tbc. 
in 1928, X- 
r«v evidence 1 
(calc.) of an 
old tbc. of 
hilar lymph 
nodes 



ed for exudative 
pleurisy in 1933 


tbc. of abd- 
ominal lymph 
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Onset and course of the bovine tuberculosis 


Diagnosis on detection 
of disease 

Bovine tubercle 
bacilli shown in 

Treatment 

Course of disease 

Present 

condi- 

tion 

Bone tbc. and bilateral 
pulm. tbc. (non-caver- 
nous) in 1935 (Fig. 16) 

Stomach washing 

Hospital care 

Regression 

Good 

Bilateral pulm. tbc. 
(cavernous) in 1936 
(Fig. 17) 

Sputum 

Hospital care. 
Bilateral pneu- 
mothorax 

Regression 

Good 

Right-sided pulm. tbc. 
(non-cavernous) in 1939 
(Fig. 18) 

Sputum 

Hospital care. 
Artificial pneu- 
mothorax 

Regression 

Good 

Right-sided pulm. tbc. 
(cavernous) in 1938 
(Fig. 19) 

Sputum 

Hospital care. 
Artificial pneu- 
mothorax 

Regression 

Good 

Bilateral pulm. tb c 
(cavernous) (Fig. 20) 

Sputum 

Hospital care 

Steady progression. 
Died about 5 months 
after diagnosis of disease 

Dead 

Right-sided pulm. tbc. 
(non-cavernous) (Fig. 
21) 

Sputum 
Lung tissue 

Hospital care. 
Artificial pneu- 
mothorax 

Steady progression. 
Later tbc. of both lungs 
and of intestines. Died 
about 11 months after 
detection of disease 

Dead 

Left-sided pulm. tbc. 
(non-cavernous) in 1936 
(Figs. 22—23) 

Sputum 

Various necropsy 
material 

Hospital care. 
Artificial pneu- 
mothorax 

Lung changes soon 
became cavernous. 
Steady progression. 
Died about 9 months 
after diagnosis of 
pulmonary affection 

Dead 

Bilateral pulm. tbc. 
(cavernous) in 1936 

Sputum 

Hospital care. 
Bilateral pneu- 
mothorax 

Regression 

Good 
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Continued 


General anamnestic data 


Case 

No. 

Sex 

Age 

Occup- 

ation 

Living 

in 

D 

Family History 

rank 

raw 

milk 

% s 
i 5 

o 

a 

ource of 
nfection 
traced 

Previous 
illness of 
interest 

54 

M 

16 

Agricul- 

tural 

worker 

Country 1 
f 
t 

'wo cousins of the 
ather died of pulm. 
be. 

Yes 

Yes 

Yes 

— 

55 

M 

21 

Painter 

Town 


? 

No 

No > 
e 

t 

1 

Gray evid- 
nce of an old 
be. of the 
abdominal 
ymph nodes 

56 

F 

25 

Milkmaid 

Country 

Brother treated for 
be. lymphogl. med- 
ast. et mesenter. 
n 1937 

Yes 

Yes 

Yes 


57 

F 

42 

Wife of 
tenant- 
farmer 

Country 

Father died of pulm. 
the. in 1898 

Yes 

Yes 

No 


58 

F 

22 

Living at 
home. 
Father, 
farmer 

Country 


Yes 

Yes 

No 




38 

Wife of 
farmer 

Country 

Brother and sister 
died of pulm. tbc. in 
1933 and 1937 res- 
pectively. 

Yes 

Yes 

No 


1 


52 

Wife of 
farmer 

Country 

Husband had pulm 
tbc. in 1927 

. Yes 

Yes 

No 

Right-sided 

pleurisy 
in 1909 

61 

I 

F 

20 

Living al 
home. 
Father, 
farmer 

Country 

Two first cousins 
died of tbc. in 192 
and 1934 respect l 
vely 

Yes 

7 

No 

No 

_____ ___ 






125 


Diagnosis on detection 
of disease 

Bovine tubercle 
bacilli shown in 

Bilateral pulm. tbc. 
(cavernous) (Fig. 24) 

Sputum 

Left-sided pulm. tbc. 
(cavernous) (Fig. 25) 

Sputum 

Left-sided pulm. tbc. 
(cavernous) in 1936 
(Fig. 26) 

Sputum 

Right-sided pulm. tbc. 
(cavernous) (Fig. 27) 

Sputum 

Right-sided pulm. tbc. 
(cavernous) (Fig. 28) 

Sputum 

I.eft-sided pulm. tbc. 
(cavernous) (Fig. 29) 

Sputum 

Right-sided pulm. tbc. 
(cavernous) in 1936 
(Fig. 30) 

Sputum 

Right-sided pulm. tbc. 
(cavernous) (Fig. 31) 

Sputum 


Onset and course of the bovine tuberculosis 


Treatment 



treatment 



Hospital care. 
Artificial pneu- 
mothorax and 
cauterisation of 
adhesions 



adhesions 


Course of disease 

Present 

condi- 

tion 

Regression 

Good 

Steady progression. 

Soon bilateral pulm. 
tbc. and cervical tbc. 
Died 7 months after 
diagnosis of the lung 
disease 

Dead 

Steady progression of 
changes to both lungs 
and to intestines. Died 
about 17 months after 
detection of the disease 

Dead \ 

Slow progression in both 
lungs. Lived for about 
10 years after detection 
of the disease 

Dead 

Regression 

Good 

Steady progression of 
changes in both lungs. 

Later the affection 
spread to the tendon 
sheaths, to larynx and 
possibly also to kidneys. 
Died about 17 months 
after detection of dis- 
ease 

Dead 

Died about 5 months 
after diagnosis of the 
pulmonary affection 

Dead 

i 

Steady progression in 
both lungs, later also 
intestinal tbc. Died 

about 1 year and 9 
months after diagnosis 
of pulmonary affection 

Dead 
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Case „ Occnp- 

No. ScX ABp alien 


General anamnestic data 


Family History 


Country Paternal grand- 
mother died of pulm. 
the. in 1891. Father 
has healed tuber- 
culous primary com- 
plex 

Country — 


Diabetes 

mellitus 


Country One child has the. of 
the cervical lymph 
nodes 


Wile oi Country “ 


farm- 

labourer 


Farmer 


pulm. the. in 1935 
(pat. has not met 
tier tor S years). 
Only child, 3 years 
old, shows signs of 
tuberculous infect- 
ion (positive tuber- 
culin reaction) 


Yes Yes 
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Onset and course of the bovine tuberculosis 

Diagnosis on detection 
of disease 

Bovine tubercle 
bacilli shown in 

Treatment 

Course of disease 

Present 

condi- 

tion 

Nec- 

rop- 

sy 

Bilateral pulm. tbc. 
(cavernous) and lar- 
yngeal tbc. (Fig. 32) 

Sputum 

Hospital care 

Steady progression. 
Died about 9 months 
after detection of pulm- 
onary affection 

Dead 

No 

Left-sided pulm. tbc. 
(cavernous) (Fig. 33) 

Sputum 

Hospital care. 
Artificial pneu- 
mothorax, caut- 
erisation of ad- 
hesions, phrenic 
evulsion 

Steady progression in 
both lungs, later also 
renal tbc. Died about 
1 year and 10 months 
after diagnosis of the 
pulmonary affection 

Dead 

No 

Left-sided pulm. tbc. 
(cavernous) (Fig. 34) 

Sputum 

Hospital care. 
Artificial pneu- 
mothorax 

Steady progression in 
both lungs. Later also 
right-sided spontaneous 
pneumothorax. Died 
about 10 months after 
detection of the disease 

Dead 

No 

Left-sided pulm tbc. 
(cavernous) (Fig. 35) 

Sputum 

Hospital care, 
artificial pneu- 
mothorax and 
oleothorax treat- 
ment 

Steady progression in 
both lungs. Developed 
also laryngeal tbc. Died 
about 3 years after 
detection of lung disease 

Dead 

No 

Bilateral pulm. tbc. 
(cavernous) in 1937 
(Fig. 36) 

Sputum 

Hospital care, 
bilateral pneu- 
mothorax, right 
cauterisation of 
adhesions 

Steady progression in 
both lungs, later intest- 
inal tbc. developed. 
Died about 1 year after 
detection of pulmonary 
affection 

Dead 

No 

Bilateral pulm. tbc. 
(cavernous), laryngeal 
and intestinal tbc. 
(Fig. 37) 

Sputum 
Mesenterial 
lymph node 

Hospital care 

Steady progression. 
Died already 2 weeks 
after detection of disease 

Dead 

Yes 
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to the different groups primary importance has been attached ta 
the principal tuberculous manifestation. 

The figures in brackets (Table 6) denote the number of net, cases 
of bovine tuberculosis in man detected after the conclusion of the 
piesent investigation. These cases, which do not differ in anv 
way from those observed earlier, will be omitted from our discussion. 
Un the other band, a detailed account will be given of the 67 cases 


Table 6. 


Group 


No. of 
cases 

New 

cases 

Total 

1. 

No demonstrable changes, but bovine T.B. 





present in the gaslric lavage (Case 1) .... 

1 

a) 

2 

WM 

Hilar or lung changes (or both), occurring in 




H 

association with or shortly after the primary 




1 - . 

infection (Cases 2 — 10) 

9 

(3) 

12 

■ 

Miliary tuberculosis and tuberculous meningitis 





(Cases 11—12) 

2 


2 

*i. 

Tuberculous meningitis (Case 13) 

1 

(1) 

2 

5. 

Tuberculous pleurisy (Cases 14 — 15) 

2 

(2) 

4 

G. 

Tuberculous peritonitis (Cases 1G — 17) 

2 

(1) 

3 

7. 

Tuberculosis of cervical lymph nodes; tuber- 





culous tonsillitis (Cases 18 — 24) 



12 

8. 

Done tuberculosis (Cases 25 — 29) 



9 

9. 


10 

(2) 

12 

10. 

Pulmonary tuberculosis (Cases 40 — G7) 

28 

(8) 

36 


Total 

67 

(27) 

94 


Each group of cases will be treated separately. A description of 
the symptoms and the changes at the time of diagnosis is given in 
Table 7, and a summary of the further development of the changes 
and the treatment given will be found in Table 5. 

Group 1 consists of cases without any demonstrable changes, but 
in whom tubercle bacilli were found in the gaslric lavage. In cases 
belonging to this group the possibility of the bovine tubercle bacilh 
originating from recently ingested milk must be excluded. Tie 
patients must also be tuberculin positive. Only one case, Case , 
lias been referred to this group, viz. that of a girl who vas examin 
because her mother had small pulmonary changes of tubercu 
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origin, which were, however, stationary and non-bacillary. The 
girl felt well, but had had a poor appetite for some time past. No 
morbid changes could be detected. She gave a positive tuberculin 
reaction, although she was only 4 years of age, and bovine tubercle 
bacilli were found in the stomach washing. The bacilli could not 
possibly have originated from recently ingested milk, as they were 
demonstrated at a hospital, where bacillus-infected milk is of course 
not supplied. No morbid changes have developed during a period 
of observation lasting about 3 years. The patient’s present health 
is good. 

Group 2 comprises 9 cases ( Cases 2— 10) with hilar or lung changes 
(or both) occurring in association with or shortly after a primary tuber- 
culous infection. Thus the changes should be due to an inhalation of 
bovine tubercle bacilli. This interpretation must be regarded as rather 
remarkable. Only a relatively short time ago the generally accepted 
view was that bovine tuberculosis in man was due to the ingestion 
of food, especially milk, containing tubercle bacilli. The primary 
infection therefore developed nearly always in the abdomen, some- 
times in the tonsils and the adjacent cervical lymph nodes. Starting 
from these locations, the further bacillary spread took place espec- 
ially along the haematogenous route. The possibility of an aero- 
genous infection, as in human tuberculosis, was overlooked for 
quite a long time. Now we know, however, that bovine infection 
can also take place by inhalation of the bacilli; but this mode of 
infection is generally considered to be rare. The occurrence of not 
less than 9 such cases in a material of 07 tuberculous cases is therefore 
especially noteworthy, as it may go to show that bovine infection by 
the acrogcnous route is much more common than was formerly sup- 
posed. If that is so, a change must be made in our fight against 
bovine infection. On that account it behoves us to find out what 
evidence is offered by the different cases in support of the infection 
being due to an inhalation of bovine tubercle bacilli. 

Of the 9 cases 3 were children of the same family, aged 5, 7 and 10 
years respectively (Cases 2 — 4). In 1938 the father, who has a 
small farm, purchased a cow, which was slaughtered in August of 
the same year. This animal was found to be affected with »exten- 
sive tuberculosis of the lungs, kidneys, udder, serosa and uterus». 
On the farm there were also two cows which, when slaughtered in 


9 
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Soptember we found to have pulmonary tuberculosis. Milkfn* 
iese cows had been used m the household. The children used In 

" “ In m ne - Jllly 1938 SiX 0f «“ 

‘ mil} became ill at about the same time. The only one that 

remained well was the youngest child aged 7 months, who had 

been fed on mother’s milk or boiled cow’s milk. This child was 

tuberculin negative and had a normal lung radiogram. All (he 

oilier children, who were tuberculin negative in the autumn oj 1937 

now gave a positive tuberculin reaction. Bovine tubercle bacilli were’ 

however, found in only 3 of these children (Cases 2-4), and they 

are therefore the only ones included in this series. All 3 oj them 

had erythema nodosum and hilar adenitis, one of them also showing 

in addition pulmonary changes, partly due to tuberculosis, partly 

to atelectasis (Figs. 1—2). Bovine tubercle bacilli were found in 

the sputum and in the gastric lavage in 2 of the cases, but only in 

the gastric lavage in the third case. In these cases there can hardly 

be any doubt that the infection was air-borne, and that erythema 

nodosum and hilar-lung changes of exactly the same appearance 

as in human primary infections developed as a direct result of the 

primary Infection. If the bacilli had not been bovine, there would 

certainly have been no question of the primary lesion having any 

other location than that mentioned. 


In the next case (Case 5), too, there cannot be much doubt as to 
the origin of the intrathoracal changes in immediate association 
with a bovine primary infection. The source of infection was a 
cow, which was found to have extensive tuberculosis when slaugh- 
tered in March 1937. At about the same time the patient had 
erythema nodosum and the radiogram revealed the presence oj a primary 
complex (tuberculous changes in the left lung and in the left hilar 
region). Bovine tubercle bacilli were found in the stomach washing. 
The infcctiosity of the cow is also evident from the fact that 3 other 
children of the family fell ill at the same time, manifesting symptoms 
of the same disease. One of them had erythema nodosum, another 
erythema nodosum and a right-sided primary complex, while the 
third showed symptoms of tuberculosis of the abdominal lymp i 
nodes. All the children had consumed raw milk from the jam, and 
they used to play in the cow-house. However, as no tubercle bad i 
could be shown in the 3 last-mentioned cases they have not been in- 
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eluded in this series, although we have certainly here — as in the 
preceding cases — to do with a small epidemic of bovine 
cases. 

The next case (Case 6), that of a farm-labourer, aged 29, who 
had milked cows and consumed raw milk, is not so clear. In this 
case the source of infection could not be discovered. At Christmas- 
time, 1938, the patient had a cough, scanty expectoration and 
stabbing pains in the breast, particularly behind the sternum. 
A radiographic examination in February 1939 revealed the presence 
of an extensive right-sided hilar adenitis and parenchymal changes 
in the posterior part of the right lower lobe (Fig. 3). The rate of 
sedimentation was greatly increased, 113 mm. Bovine tubercle 
bacilli were found in the sputum and in the gastric lavage. The 
further development of the changes was the same as in a primary 
complex. Regression look place without artificial pneumothorax 
treatment. Jn this case the appearance of the changes at the onset 
of the disease as well as their development point to a fresh acrogenous 
infection. The fact that the source of infection could not be 
discovered, however, renders the interpretation of the nature of the 
case somewhat uncertain. 

On the other hand, there cannot be any doubt as regards Case 7, 
that of a boy aged 1-1, who had milked a cow with open pulmonary 
tuberculosis. The changes consisted of a left-sided hilar adenitis 
and left-sided pulmonary lesions, probably due to a great extent to 
atelectasis (Figs. 4 — 5). On the appearance of the changes the patient 
was tuberculin negative, but soon became positive. Bovine tubercle 
bacilli were found in the sputum and in the gastric lavage. At 
first the changes regressed slowly, but about a year after the onset 
of the affection the patient died from a tuberculoma of the cere- 
bellum. The autopsy confirmed the view of the inlralhoracal locali- 
sation of the primary lesion. 

Case S has already been described (sec p. 110). The source of 
infection in this case was an elder sister with cavernous phthisis. The 
changes following the primary infection consisted of erythema nodo- 
sum and a left-sided primary complex (Figs. 6 — 7). Bovine tubercle 
bacilli were present in the gastric lavage. The mode of infection 
was undoubtedly acrogenous. 

Case 9 was a student at the Veterinary College, Stockholm. In 
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Ms practical wk as -well as at the laboratory he came into contact 

tuberculous material. In this case, too, the patient developed 
un<7 and hilar changes (primary complex) in aiiilion lo crglkm 
nodosum. Bovine tubercle bacilli we found in the sputa Tte 
connexion between the source of infection and the primary chances 
can be considered to be rather certain. Aerogenous infection must 
also have taken place in this case. 

Finally, in Case 10 even post-modem evidence was obtained 
that l he primary focus was situated in the left lung and hilar region, 
and that the pathway of infection must have been aerogenous. The 
source of infection was a cow with extensive tuberculosis. A left- 
sided primary complex developed (Figs. 8 — 9). The changes progressed 
rather rapidly, and gradually the process spread haematogenously 
to different organs of the body. The patient died about 13 months 
after the disease had been diagnosed. Bovine tubercle bacilli were 
found in the lung and in the pleural exudate. The autopsy revealed 
the presence of a caseous primary tuberculosis in the left lung- 
hilar region. 

Thus, of the 9 cases ( Cases 2 — 10) 8 were in all probability due 
to ilic inhalation of bovine tubercle bacilli, and in ihe remaining case 
( Case 6) infection may have taken place by ihe same aerogenous route. 
In one of the cases, Case 8, the infection was transmitted from one 
human being to another. Thus the inhalation of bovine tubercle bacilli 
obviously iakes place much more frequently than was formerly sup- 
posed. In fact, three more such cases have been observed since the 
conclusion of this investigation (Table 6). 

A feature of particular interest is that adults are also exposed 
to bovine primary infection. Thus of the 9 cases 4 were 16, 23, 


29 and 30 years of age respectively. 

All patients with a bovine primary infection and fresh lung- 
hilar changes felt ill in some way or other (Table 7). In not less than 
6 of the 9 cases erythema nodosum occurred, which is thus a signi- 
ficant symptom not only in. human but also in bovine primary infection. 
Cough, fatigue and fever were also common symptoms. In solitary 
cases transient abdominal trouble also occurred, which may have 
been due to the lowered general condition and the fever cause 
by the primary infection. In one or two cases there also occurre 
stitches or stabbing pains in the chest. The rate of sedimentation 
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was almost regularly greatly increased, generally between 30 and 
50 mm, in one case as high as 113 mm. 

In 7 of the 9 cases pulmonary and hilar changes were present 
simultaneously (primary complex) at the time the disease was 
diagnosed. In two of these cases the radiographic examination 
revealed also evidence of atelectasis (Cases 2 and 7; Figs. 1, 4, 5). 
The other two cases had at first only hilar adenitis. The changes 
were found somewhat more frequently on the left side than on the 
right. Radiologically the changes presented the same picture as 
those following human primary infections. Thus it cannot be deter- 
mined from the radiograms whether the primary infection is of human 
or bovine origin. 

All cases belonging to this group were given the usual hj’gienic- 
dietetic treatment at a hospital. One of them (Case 10) also received 
pneumothorax treatment owing to the rapid progress of the changes. 
Two of the cases died about one year after the affection had been 
diagnosed, one (Case 7) as the result of a bovine tuberculoma of the 
cerebellum, the other (Case 10) owing to a haematogenous spread 
of the disease to other parts of the body. Further, in one case 
(Case 4) tuberculous changes appeared centrally in the left lung 
about a year later. The changes regressed rather soon however. 
Since then no new tuberculous manifestations have occurred either 
in this case or in the other 6 surviving cases. It will of course be 
of great interest to follow these cases for a long period of years in 
order to learn how the bovine tuberculosis will develop in future. 
As to the prognosis nothing can of course be said for certain at 
present. So far the cases are not better or worse than those caused 
by human tubercle bacilli. 

Group 3 consists of 2 cases of miliary tuberculosis and tuberculous 
meningitis ( Cases 11 and 12), and Group 4 of 1 case of tuberculous 
meningitis (Case 13). All three cases were children. The source of 
infection was discovered in only Case 12. At the age of S — 13 
months, i. c. for a period of 6 months, the patient was fed on raw 
milk from 3 cows with open tuberculosis. Bovine tubercle bacilli 
were found in the cerebrospinal fluid from all three children. In 
2 cases primary lesions occurred in the abdomen, whereas in one 
case (Case 13) the primary foci could not be found. No autopsy 
could be performed in the latter case, as the patient died at home. 
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a!h/ /, 0S<! m m rT /7 hlbercul0sis and meningitis of human origin. 
All three cases died shortly after the onset of the disease. Autopsies 

were performed on Cases 11 and 12, which revealed, in addition to 
a bovine primary tuberculosis of the abdomen, also miliary tuber- 
culous changes in various organs as well as tuberculous meningitis. 

Group 5 contains 2 cases of bovine exudative pleurisy (Cases U 
and IS). Pleurisy occurred, however, also in 4 cases belonging to 
other groups, and preceded the changes in which bovine tubercle 
bacilli were found later (Cases 38, 45, 48 and 60). It is probable 
of course that these pleurisies, like the subsequent changes, were 
bovine. But this is not absolutely certain except as regards Case 45, 
in which bovine bacilli were also found in the pleural fluid. In the 
other cases the bacilli were not typed, as the investigation had not 
been started at that time. In Case 38 there was an interval of 19 


years between the exudative pleurisy and the development of the 
bovine tuberculous changes, in Case 48 there was an interval of 
7 years, and in Case 60 not less than 27 years. It is of course theoret- 
ically conceivable that the bovine tuberculosis was preceded by 
a human tuberculosis, which had regressed and healed. It is much 
more probable however, provided that the pleurisy was of tuber- 
culous origin, that the same bovine strain was the cause of all the 
morbid changes. 

The 3 cases of pleurisy of certain bovine origin (Cases 14, 15 and 
45) occurred in adults. In two cases the pleural effusion was on the 
left side, in the third case (Case 45) it was bilateral and was followed 
by a bilateral haematogenous tuberculosis about a year later (Fig. 
15). In all three cases bovine tubercle bacilli were found in t ic 
pleural exudate, in Case 45 also in the sputum. The source o in 
fection was discovered only in as far as Case 14 vas concerne , 
and was found to be 3 cows with open tuberculosis, which the pa Jen 
had tended and milked. But owing to a distaste for mi ' s e 
not drunk any milk for more than 15 years. It is therefore pro a 
that in this case too, the infection was aerogenous. The in ec l 
was also air-borne in Case 15. About 17 months before the ons 
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of the pleurisy this patient had erythema nodosum, a primary 
complex in the right lung and incipient tuberculous changes at the 
left apex. Although no tubercle bacilli could be demonstrated until 
the development of the pleural effusion, there is hardly any doubt 
that the erythema nodosum and the primary complex, which were 
followed by pleurisy shortly afterwards, were caused by one and 
the same bovine virus. 

The clinical picture agrees in every respect with that of exudative 
pleurisy of human origin."' The symptoms were those usually met 
with in the latter disease, the sedimentation rate being also greatly 
increased. 

The subsequent development of the disease was somewhat diff- 
erent in the 3 pleurisy cases. Two of them (Cases 14 and 15) 
gradually improved. No new tuberculous manifestations have 
occurred during an observation period of more than 5 years. On 
the other hand, in the third case (Case 45) the affection became 
progressive already about 1 year later. Bilateral, haematogenous 
changes developed in the lungs. Bovine tubercle bacilli were now 
also present in the sputum. For the last year or two, however, the 
changes have remained stationary. The patient’s general condition 
is fairly good. 

Group 6 is represented by 2 cases affected with tuberculous peri- 
tonitis (Cases 16 and 17), Both cases were infants, aged 16 and 10 
months respectively, who had fever and loose stools — Case 16 
had also a cough and loss of appetite. The rate of sedimentation 
was greatly increased, 25 and 36 mm respectively. Exudate was 
shown in the abdomen. Both patients died after a few weeks’ illness, 
Case 17 due partly to a perforation of one of the tuberculous abdo- 
minal ulcers and secondary peritonitis. Bovine tubercle bacilli 
were present in the mesenterial lymph nodes, in Case 17 also in pus 
from the abdomen. The post-mortem examination revealed in 
Case 16 the presence of a serous exudate in the abdomen. The 
abdominal viscera had fused together into one single packet. The 
mesenterial lymph nodes were swollen and had a while, fatty cut 
surface. The retroperitoneal lymph nodes, on the other hand, were 
normal. In Case 17 numerous tuberculous mucous membrane 
ulcers, sometimes in the form of rings, were found, particularly 
in the lower part of the ileum. One of these ulcers had perforated. 
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Table 7. 


Sijmplomologij and changes al the time of diagnosis. 



Diagnosis 

Symptoms 

Sed. 

rate 

Extent and appearance of 
changes 

Hj 

Bovine tuberculous in- 
fection 

Loss of appetite 

10 

No demonstrable changes. 

2 

Erythema nodosum, 
hilar adenitis and pul- 
monary the. (primary 
complex) 

Cough, vomitings, poor 
appetite, fever, erythema 
nodosum 

37 

Bilateral hilar adenitis,' Evidence 
of enlarged mediastinal lymph 
nodes. Three weeks later a com- 
pact density was discernible in 
the left apical field (Fig. 1). 

3 

Erythema nodosum 
and hilar adenitis 

Cough, fatigue, stomach- 
ache, loose stools, poor 
appetite, fever, erythema 
nodosum 

29 

Right-sided hilar adenitis (Fig. 2), 
small right-sided pleural exuda- 
tion; iater also left-sided hilar 
adenitis and signs of enlarged 
mediastinal lymph nodes. 

4 

Erythema noddsum 
and hilar adenitis 

Cough, fatigue, pain in 
stomach, loose stools, 
fever, erythema nodosum 

45 

Left-sided hilar adenitis. 

5 

Erythema nodosum, 

hilar adenitis, pulm. 
tbc. (primary complex) 

Fatigue, stomach-ache, 
fever and erythema nod- 
osum 

9 

Left-sided hilar adenitis and small 
parenchymal change just below 
left liilum. 

G 

Hilar adenitis and 
pulm. tbc. (primary 
complex) 

Cough, scanty expecto- 
ration, stitch in the 
chest, especially behind 
the sternum 

113 

Right-sided hilar adenitis, also 
parenchymal changes of spotty 
appearance in posterior part oi 
right lower lobe (Fig. 3). 

mj 

Hilar adenitis and 
pulm. tbc. (primary 
complex) 

Fatigue, stitch in left 
side of chest, cough, 
fever 

50 

Left-sided hilar adenitis, paren- 
chymal change (also atelectasis) 
in the form of a compact density 
at base of left lung. Regression 
iater (Figs. 4 — 5). 


Erythema nodosum, hil- 
ar adenitis, pulm. tbc. 
(primary complex) 

Fever, erythema nod- 
osum 

50 

Left-sided hilar adenitis (Fig. 6); 
two months iater also a small 
mottled parenchymal opacity 
below and behind the left liilum 
(Fig. 7). 

9 

Erythema nodosum, hil- 
ar adenitis, pulm. tbc. 
(primary complex) 

Erythema nodosum 

In- 

creas- 

ed 

Right-sided hilar adenitis, spotty 
parenchymal density below and 
behind the hilum. 

10 

Hilar adenitis, pulm. 
tbc., tbc. of mediastinal 
ymph nodes (primary 
complex) 

Cough, fatigue, emac- 
iation, stitch in the 
left side of the back 

36 

Left-sided hilar adenitis, pa ren ‘ 
chymal density, as 5aT 8® ^ ‘ 
walnut, centrally in the left lone- 
enlarged mediastinal lymph nodes 
(Fids. 8—9). 
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Continued. 


Case 

Diagnosis 

Symptoms 

Sed. 

rate 

Extent and appearance of 
changes 

11 

Bovine primary tbc. 
of abdomen, acute mili- 
ary tbc. and tuberculous 
meningitis 

Fatigue, vomitings, 
poor appetite, headache, 
photophobia, fever 


Grain-sized mucous membrane 
ulcer in jejunum. Corresponding 
mesenterial lymph nodes case- 
ously yellowish white. Tuber- 
culous meningitis. Miliary tuber- 
culous foci in lungs, liver, spleen 
and kidneys (Fig. 10). 

12 

Bovine primary tbc. 
of abdomen, acute mili- 
ary tbc. and tuberculous 
meningitis 

Attacks of cramp and 
periods of apathy 


Mesenterial lymph nodes as large 
as walnuts, partly changed into 
a caseous mass. Tuberculous 

meningitis. Miliary tuberculous 
foci in pleura, liver and spleen. 

13 

Tuberculous meningitis 

Vomitings, wasting, 

loose stools, fever 

15 

Tuberculous meningitis. 

14 

Tuberculous pleurisy 

Fatigue, fever, stitch in 
left side of chest, later 
also dyspnoea and 
cough 

83 

Radiogram showed large exudate 
shadow on left side, but no lung 
changes. 

15 

Tuberculous pleurisy 

Shivcring-fits, dry 
cough, no stitch 

■ " 

Radiogram showed large exudate 
shadow on left side and residues 
of an earlier left-sided apical 
pulin. tbc. 

1G 

Bovine primary in- 
fection of abdomen, tu- 
berculous peritonitis 

Cough, fever, poor appe- 
tite, loose stools, slight 
pain in the chest 

25 

Exudate in peritoneal cavity. 
Caseous coalings between intest- 
inal folds. Mesenterial lymph 
nodes swollen and had -white, 
fatty cut surface. 

17 

Bovine primary intesti- 
nal tuberculosis, tuber- 
culous peritonitis 

Fever, loose stools 

36 

Numerous tuberculous ulcers in 
intestinal mucosa, especially in 
lower part of ileum. Tuberculous 
mesenterial lymph nodes. Tuberc- 
les in peritoneum. 

18 

Tuberculosis of cervical 
lymph nodes 

No general effects. 

Trouble only from nodes 

32 

Lymph nodes varying in size from 
hazel-nut to plum on neck, also 
far up on nape. 

19 

Tuberculosis of cervical 
lymph nodes 

No general effects 


At first a packet of lymph nodes 
the size of a hazel-nut, soon 
increasing to that of pigeon’s 
eggs, on the neck. 

20 

Tuberculosis of tonsils 
and cervical lymph 
nodes (primary com- 
plex?) 

No general effects 

10 

Packet of enlarged lymph nodes, 
the size of a hen’s egg, on the neck, 
also hypertrophy of the tonsils. 
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Continued. 


Case 

Diagnosis 

Symptoms 

Sed. 

rate 

Extent and appearance of 
changes 

21 

Tuberculosis of cer- 
vical lymph nodes 

No general effects 

15 

Walnut-sized node on neck. 

22 

Tuberculosis of cer- 
vical lymph nodes 

No general effects 

19 

Enlarged lymph nodes on the 
neck, which recurred again and 
again. 

23 

Tuberculosis of cer- 
vical lymph nodes and 
tonsils (primary com- 
plex?) 

No general effects 

1 

Enlarged lymph nodes on neck; 
enlarged tonsils. 

' 

24 

Phlyctena, tuberculosis 
of cervical lymph nodes, 
hilar adenitis, transient 
pulmonary infiltration 

Phlyctena 

12 

Enlarged lymph nodes,' containing 
calcifications, on neck. Right-sided 
hilar adenitis and right-sided 
central parenchymal density, 
which soon disappeared. 

25 

Bone tuberculosis -with 
abscess 

Limp in right leg, pain 
in right knee 

30 

Tuberculosis of the right hip-joint 
with abscess. 

26 

Bone tuberculosis with 
abscess 

Pain from an gluteal 
abscess 

50 

Walnut-sized tuberculous focus 
in posterior part of the os ileum. 
Tuberculous abscess. 

27 

Bone tuberculosis with 
abscess 

Fatigue, pooT appetite, 
fever, vomitings, wast- 
ing, poor gait, weakness 
and pain in right leg 

59 

Tuberculosis of the right troch- 
anter with abscess. 

28 

Bone tuberculosis with 
abscess; (residues of 
tuberculous affection in 
right lung-hilar-region.) 

Aching, swollen and 
reddened right elbow- 
joint 

1 

Tbc. epicond. med. humeri dx.; 
5 years later tbc. cubiti dx. c. 
abscess. 

29 

Bone and pulmonary 
tuberculosis 

Pain in swollen right 
knee-joint 

25 

Tuberculosis of knee-joint. Several 
very large parenchymal foci 
centrally in left lung. 

30 

Tuberculosis of right 
epididymis 

Secretion from fistula 

■ 

Hen’s egg-sized resistance in right 
scrotal half, in the front part of 
which the testis could be demar- 
cated. A fistula orifice was found 
on the outside of the scrotum. 

31 

Bursit. tbc. tuberosit. 
tibiae + tbc. ren. sin. 

Frequent urinations; 

troublesome ache in left 
side of abdomen, radi- 
ating out towards back 
and down towards 
urethra 

5 

Lowest papilla of kidney rm 
ulcerated. Some non-hquefied 

tubercles in relative pyramid. 

32 

Left-sided renal tuber- 
culosis 

Frequent and painful 
urinations, red-coloured 
urine, ache above left 
hip -joint 

■ 

At first left-sided, later bilateral 
renal tuberculosis. Upper par 
of left kidney, which was removed, 
showed extensive cavernous 
sions. — - 








































Continued. 


Case 

Diagnosis 

Symptoms 

Sed. 

rate 

Extent and appearance of 
changes 

33 

Left-sided renal tuber- 
culosis 

Frequent urinations, 

severe attacks of pain 
in left side of back 

58 

At first left-sided, later bilateral 
renal tuberculosis. Parenchyma 
of left kidney, which was removed, 
was dotted with tubercles. 

34 

Bilateral renal tuber- 
culosis; (residues of tub- 
erculous affection in left 
lung-hilar region) 

Pain in left side of ab- 
domen, radiating to- 
wards back 

41 

Left kidney interspersed with 
cavities, up to the size of Spanish 
nuts, containing caseous matter. 
Besides, old and fresh tuberculous 
changes could be observed. Tuber- 
culous ulceration occurred in the 
left ureter. 

35 

Right-sided renal tub- 
erculosis; (residues of an 
old. the. of abdominal 
lymph nodes) 

Tired, loss of appetite, 
stitch in right side of 
chest, fever 

9G 

Nephrectomy showed a large 
pyonephrolic kidney. The sac 
was composed of partly caseous 
granulation tissue, containing 

tubercles. Abundant calcified 

lymph nodes in the abdomen. 

30 

Left-sided renal tuber- 
culosis; (residues of old 
Ibc. of abdominal lymph 
nodes) 

Relapsing cystitis 

50 

The kidney was interspersed with 
a large number of caseous tuber- 
culous cavities. Calcified lymph 
nodes in the abdomen. 

I 

Right-sided renal tuber- 
culosis 

Right-sided renal colic, 
bladder trouble 

3 

About the middle of the kidney 
there was a hazcl-nut-sizedj nearly 
infarct-like area with dense, partly 
caseous miliary nodules. Tuber- 
culous nodules were also found 
in the right ureter. 

38 

Bilateral renal tuber- 
culosis; (residues of an 
old pulm. the. and rests 
of a bilateral pleurisy) 

Bladder-trouble 

IS 

Nephrectomy has not been per- 
formed. Calcified spots could be 
observed in the left supraclavi- 
cular region. Rests of left-sided 
pleurisy. 

39 

Right-sided renal tub- 
erculosis, right-sided 

pulm. the. 

Fatigue, fever 

21 

Nephrectomy has not yet been 
performed. A mottled density 
could be seen in the right Scl — In, 
which coalesced into a spot 
hardly the size of.. a hazel-nut. 

40 

Bilateral pulm. the. 
Diabetes mcllitus 

Fatigue, wasting, thirst, 
unsteadiness on feel, 
dyspnoea 

52 

Centrally in left lung field there 
was a slightly striated and some- 
what mottled shadow the size 
of the palm of a man’s hand, and 
behind the right C 6 a scarcely 
walnut-sized cloudy spot with 
central rarefaction (cavity) (Fig. 
11). 
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Continued. 


Case 

Diagnosis 

Symptoms ‘ 


Extent and appearance oi 
changes 

1 

Bilateral pulm. tbc. C 
h 

P 

a 

ough, expectoration, 
oarseness, night sweats, 
oor appetite wasting 
nd fever 

35 Ir 
m 

ti 

IT 

si 

a 

k 

both apical fields there was al 
ottled density and pleural coa-J 
ng. The changes were somewhat! 
ore pronounced on the right! 
de. A mottled density could 

Iso be seen at the base of the 
ft lung. No cavity. (Fig. 12). 

42 I 

light-sided pulm. tbc. 

Cough, haemoptysis 
headache 

0 

T 

S 

cloudy opacity with central 
arefaction (cavity) in the right 
upraclavicular region (Fig. 13). 

43 

Left-sided pulm. tbc. 

Subjectively healthy 

26 

h 

1 

c 

1 

i. walnut-sized cloudy shadow 
ccurred in the left In, the left 
ilar shadow was somewhat cn- 
arged and condensed. Striae 
ould also be discerned in the 
eft Ip— III- No cavity. 

44 

Bilateral pulm. tbc. 

Cough, expectoration 

82 

Mottled, cloudy, parenchymal 
changes with bronchiectasis in 
the right Scl— III! and mottling 
and more striated shadows in the 
left Scl— ll. No cavity. (Fig. 11). 

45 

Bilateral bovine exud- 
ative pleurisy; one year 
later bilateral bovine 
pulm. tbc. 

Fatigue, poor appetite, 
wasting, dry cough, 
dyspnoea; fever 

1 

Mottled parenchymal density in 
upper one-third of both lungs. 

No cavity. Pleural rests of 
earlier bovine pleurisies basally 
on both sides. (Fig. 15). 

46 

Bone tbc., bilatera 1 
pulm. tbc. 

Pain in right ankle-joinl 

47 

Tbc. ped. dx. In right upper held 
there was a faint parenchymal 
densitv A striated density 

SSndri ton. the left Mta «P 

towards a cloudy shadow, an 
inch in size, in the left supraclav- 

icular region. A 

could also be seen Within a l.m.te 

area in the centre of the lefUu g 

Rests of right-sided pleurisy, wo 
cavity. (Fig- — 


Bilateral pulm. tb 
(residues of old tb 
of hilar glands) 

z; Cough, expectoratioi 
5 . fatigue, fever 

1 

A cloudy opacity, the size oi the 
palm of the hand, behind C, an 

faction in th« end 
(cavity). A P ieu hi]ar region 

calcifications in the h 1 r b sidc 
could he seen on the 
(Fig. 17). " 
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Continued. 


Case 

Diagnosis 

Symptoms 

Sed. 

rate 

48 

Right-sided pulm. tbc. 
Diabetes mcllitus 

Subjectively healthy 

25 

49 

Right-sided pulm. tbc. 

Cough, sputum, hoarse- 
ness, poor appetite, 
wasting, fatigue, stitch 
in right side of chest. 

66 

50 

Bilateral pulm. tbc. 

Cough, poor appetite, 
wasting, fatigue, night 
sweats 

75 

51 

Right-sided pulm. the. 
(rests of earlier tbc. 
of hilar lymph nodes 
and apical tbc.) 

Cough, fatigue, fever 

49 

52 

Left-sided pulm. tbc. 
(rests of tbc. of abdom- 
inal lymph nodes and 
tbc. or right hilar nodes 
and cervical nodes) 

Cough, expectoration, 
fatigue, fever, stitch in 
left side or chest 

53 

53 

Bilateral pulm. tbc. 
(rests of an earlier tbc. 
of abdominal and cerv- 
ical lymph nodes) 

Cough, fatigue, wasting, 
fever 


54 

Bilateral pulm. tbc. 

Haemoptysis 

36 


Extent and appearance of 
changes 


A mottled, partly confluent den- 
sity in the right upper lobe, 
mostly pronounced in Cl — In. 
No cavity. Rests of left-sided 
pleurisy (Fig. 18). 

A cavity as large as a plum 
immediately outside the right 
hilar region. (Fig. 19). 


Extensive tuberculous changes in 
entire left lung, and an orange- 
sized cavity at the apex. Less 
pronounced tuberculous changes 
in the right lung. (Fig. 20). 

Within the upper two-thirds of 
the right lung there was a cloudy, 
spotty, mostly confluent paren- 
chymal density. The right hilar 
shadow was enlarged. Calcifi- 
cations could be seen in the right 
hilar region, also at the apex 
of the right lung. Rests of left- 
sided pleurisy. No cavity. 

l(Fig. 21). 

A compact density in lower half 
of left lung. Left hilar shadow 
was considerably enlarged and 
condensed (Fig. 23). No cavity 
(later however cavernous lique- 
faction of the pneumonic area). 
Abundant calcified nodes in ab- 
domen (Fig. 22) Tuberculous 
cervical lymph nodes. 

A pneumonic consolidation with 
a hazel-nut-sized cavity centrally 
in the upper one-third of right 
lung. Cloudy spots could also 
be seen in the left apical and upper 
fields. Calcified lymph nodes 
in the abdomen. Rests of earlier 
tbc. of cervical lymph nodes. 

A confluent cloudy opacity in 
upper one-third of left lung and 
a hazel-nut-sized cavity on a level 
with Cn. A striate density could 
also be seen in the right Ir 
(F ig. 24). 
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Case 

Diagnosis 

55 

Left-sided pulm. tbc; 
(rests of an old tbc. 
of abdominal lymph 
glands) 

56 

Left-sided pulm. tbc. 

57 

Right-sided pulm. tbc. 


Symptoms 


Haemoptysis 


Cough, fatigue 





Cough, sore throat, 
fatigue, stitch in right 
side of chest 



59 Left-sided pulm. tbc- Stitch in left side of 

the chest, fever > 


60 Right-sided pulm. tbc; Fatigue, giddiness, loss 
(residues of right-sided of appetite, wasting 
pleurisy) 


■ ~ 

61 Right-sided pulm. tbc. .Influenza, with cough, 
° b fatigue, fever, headache 


62 Bilateral pulm. tbc. Cough, hoarseness, , f inl- 
and laryngeal tbc; igue, night sweats, 
(residues of extensive wasting, ^ TS P Iloe ' ’ 
tbc. of cervical and stitch m right side of 
axillary lymph nodes) chest, vomitings 


Extent and appearance oi 
changes 


A confluent cloudy density in 
the upper half of left lung, and a 
walnut-sized cavity on a level 
with Cxi. (Fig. 25). Calcified 
lymph nodes in the abdomen. 


A partly confluent, cloudy opacity 
' between Cl and In on left side, 
and a watnut-sized cavity laterally 
in Ii. (Fig. 26). 


A confluent cloudy opacity in the 
upper half of right lung, and a 
cavity as large as a walnut in the 
right Ii. (Fig. 27). 


A compact density with a walnut- 
sized cavity centrally in the right 
supraclavicular region. Mottling 
could also be observed medially 
to the density right down towards 
the hil um. (Fig. 28). 

62 A compact density the size of a 
hazel-nut, with central rarefaction 
(cavity), immediately outside the 
upper part of the left hilar region 
(Fig. 29). 

23 Considerable right-sided pleural 
coating with great displacement 
of heart find mediastinum to the 
right. Tuberculous changes and 
cavity as large as a uiandaTiii 
in upper part of right lung field 
(Fig. 30). 

A mottled, partly confluent paren- 
chymal density in upper part ot 
right lung, and a cavity nearly 
as large as a hen’s egg in the right 

Set— I t. (Fig. 31). 

79 A spotty, highly confluent paren- 
chymal density m the lo 

form of spots, he ca i c ified 
coalescing. ^^en on the 
lymph nodes could ,pjg. 32 ). 
neck and in the axiilajn_(_JL — 


I 
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Continued. 


Case 

Diagnosis 

Symptoms 

Sed. 

rate 

Extent and appearance of 
changes 

63 

Left-sided pulm. tbc. 

Cough, fatigue, loss 
of appetite, wasting, 
and night sweats 


A spotty, here and there confluent, 
parenchymal density in the entire 
left lung field. The process rapidly 
progressed so that already after a 
month a cavity nearly the size 
of a hen’s egg appeared at the 
apex of the left lung. (Fig. 33). 

64 

Left-sided pulm. tbc. 
Diabetes mcllitus 

*Cold*, cough, fever 

23 

A confluent, cloudy mottling in 
the middle field of the left lung, 
and a walnut-sized cavity laterally 
in the left In. (Fig. 34). 

65 

Left-sided pulm. tbc. 

Cough, sputum, hoarse- 
ness, stitch in back, 
fever 


An almost plum-steed cavity at 
the apex of the left lung and below 
it another cavity the size of a 
hazel-nut. Medially to these 

cavities a diffuse parenchymal 
density (Fig. 35). 

66 

Bilateral pulm. tbc. 

•Cold*, nasal catarrh, 
sore throat, expect- 
oration, fatigue, loss of 
appetite, stitch in right 
side of chest 

126 

Extensive spotty parecliymal den- 
sities in both lungs, and two large 
cavities basally on the right side 
(Fig. 36). 

67 

Bilateral pulm. tbc. 
laryngeal and intestinal 
tbc. (rests of old tbc. of 
abdominal lymph nodes) 

Cough, expectoration, 
fatigue, fever, wasting 

54 

Both lungs covered with spotty, 
parenchymal densities. A plum- 
sized cavity could also be seen 
at the apex of the left lung. 
Necropsy showed also the 
presence of an old tuberculosis 
of the abdominal lymph nodes 
(Fig. 37). 


As was evident from the autopsy, the pathway of infection was by 
the intestine. The source of infection in both these cases was also 
discovered. For a period of 4 months Case 16 had been fed on milk 
from a herd in which a cow was afterwards condemned owing to 
tuberculosis of the lungs and the udder; and two others had been 
slaughtered previously on account of pulmonary tuberculosis. 
Case 17 had for 3 months been given milk from a farm where the 
clinical examination disclosed that not less than 13 cows were 
affected with open tuberculosis. It should be pointed out that a 
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half-brother of the latter patient, who had received milk from the 
same cows, developed bovine tuberculosis (tbc. lymphogl. region, 
coll, et bronchial.) Thus in both these cases of tuberculous perito- 
nitis the bovine infection was very severe. 

To Group 7 have been referred 7 cases of tuberculosis of the cervical 
lymph nodes ( Cases 18—24), 2 of which had simultaneously tuber- 
culous changes in the tonsils ( Cases 20 and 23) 1 . In these cases the 
primary complex Avas probably localised to the tonsils and the 
associated cervical lymph nodes. One case (Case 24) had, in addi- 
tion to tuberculosis of the cervical lymph nodes, also hilar adenitis 
and a transient pulmonary infiltration and at the time of diagnosis 
Avas troubled Avith phlyctena. Since calcified spots could be shown 
in the cervical lymph nodes, but not in the enlarged lymph nodes 
of the hilar region, the cervical lesions Avere in all probability in 
this case older than the other tuberculous lesions. Tuberculosis 
of the cervical lymph nodes occurred also in three other cases, 
referred to Group 10, viz. Cases 52, 53 and 62. These cases, however, 
had pulmonary tuberculosis at the same time, bovine tubercle 
bacilli being found in the sputum. That the tuberculosis of the 
cervical lymph nodes in the tAvo first-mentioned cases Avas at least 
very probably of bovine origin is proved by the fact that the 
primary focus Avas found in the abdomen. The presence of numerous 
calcified lymph nodes at this site at any rate argues strongly in 
favour of this localisation. In Case 52 the post-mortem examination 
shoAved the presence of bovine tubercle bacilli also in the abdominal 
lymph nodes. In this case the tuberculosis of the lungs and of 
the abdominal and cervical lymph nodes Avas therefore only 
different manifestations of one and the same infection by bovine 
bacilli. 

The frequency of tuberculosis of the cervical lymph nodes Avas 
about the same in both sexes. Five of the cases Avere children, .the 
remaining 2 cases being adults aged 17 and 21 years respectively 
at the time the disease Avas diagnosed. The 17-3 r ear-old patient, 
however, had manifested symptoms of disease for the past 3 years. 
The source of infection Avas discovered in only one case, Case 18. 


1 These cases are included in a paper on the treatment of tuberculosis of 
the cervical lymph nodes by H. Wuli-t in Acta Chirurgica Scandinavian ( ' ), 
1941, 343. 



145 


In 3 of the cases, viz. Cases 21, 22 and 24, it is impossible to deter- 
mine the pathway by which the bovine tubercle bacilli entered 
the bodj r , by the alimentary canal or by inhalation, but in one case, 
Case 18, infection was most probably food-borne, as bovine tubercle 
bacilli were found in the gastric lavage but no pulmonary 
changes could be demonstrated. In fact, several members of the 
family showed evidence of an earlier bovine (?) tuberculosis of the 
abdomen (numerous calcified lymph nodes). As already mentioned, 
in 2 of the cases. Cases 20 and 23, bovine tubercle bacilli were 
found in the tonsillar tissue, therefore the tonsils were no doubt 
the portals of entry. Finally, in Case 19 the post-mortem exami- 
nation revealed the presence of a primary tuberculosis in the 
cervical lymph nodes. In this case, too, the bacilli most probably 
entered the body through the tonsils. 

Most of the cases of tuberculosis of the cervical lymph nodes 
were unaffected by their disease, and showed only enlarged lymph 
nodes varying in size from a hazel-nut to a hen’s egg. Case 24, 
however, suffered from phlyctena. The sedimentation rate was 
moderately increased. Clinically the enlarged cervical lymph nodes 
presented nothing characteristic whereby they could be differentiated 
from corresponding changes of human etiology. 

Several of the lymph nodes underwent liquefaction. Scraping 
and extirpation of the lymphomata were performed, which generally 
brought about an improvement in the patient’s condition. Only 
one of the cases, Case 19, died as the result of a miliary dissemi- 
nation to different parts of the body. Death took place about 10 
months after the appearance of the changes. 

Group S consists of 5 cases with bone tuberculosis ( Cases 25 — 29), 
3 being males and 2 females. Bone tuberculosis (in one foot) occurred 
also in Case 46,- belonging to Group 10, who at the same time had 
bilateral pulmonary tuberculosis. Although bovine tubercle bacilli 
were only found in the gastric lavage, there is hardly any 
doubt that the two simultaneously active tuberculous manifesta- 
tions were of one and the same bovine origin. 

Two of the cases of bone tuberculosis in Group 8 were children, 
aged 5 and 6 years respectively, the others were adults, 20, 29 
and 62 years of age respectively. The source of infection was not 
discovered in any of the cases, nor could the pathway of infection 
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be established for certain. It is nevertheless probable that in Case 
27 the first changes caused by the bacilli were situated in the 
abdomen, for some months before the bone tuberculosis mani- 
fested any symptoms the patient had been suffering from loss of 
appetite, vomitings and considerable wasting, so that he was 
finally nothing but »skin and bones». On the other hand, in Case 28 
the pathway of infection was in all probability pulmonary, as the 
radiogram revealed rests of an old primary focus in the right lung 
and hilar region, but no calcified lymph nodes were found in the 
abdomen. 

The symptoms were those usually met with in bone tuberculosis. 
The rate of sedimentation was increased. The location of the 
changes is evident from the diagnoses: Coxit. tbc.dx. (Case 25), 
tbc. oss. ilei (Case 26), tbc. trochanteri dx. (Case 27), the. cubiti dx. 
(Case 28) and gonit. tbc. dx. (Case 29). In Cases 25 — 28 an abscess 
developed from the tuberculous focus. Bovine tubercle bacilli 
were found in the abscess punctate (Case 25 — 28), and in the 
punctate from the knee-joint (Case 29). The clinical picture of the 
changes agreed with that of the corresponding lesions due to human 
tubercle bacilli. 

The course of the disease during treatment was generally 
favourable. Only one case (Case 26) died as the result of the tuber- 
culous affection. Death took place about 4 months after the de- 
tection of the disease. Autopsy was not performed. 

Urogenital tuberculosis is represented in the material by not less 
than 10 cases ( Group 9, Cases 30 — 39). Five of the patients were 
males and five females. The ages of the patients varied in general 
between 23 and 34 years. The only case that did not belong to 
this age-group was Case 39. This patient, a girl aged 18, had in 
addition to renal tuberculosis also small changes almost certainly 
of a tuberculous nature in the lungs. But as tubercle bacilli were 
found only in the urine, and as the pulmonary changes, seemingly 
of less importance, could not be proved to be bovine, the case has 
been referred to Group 9 instead of Group 10, to which it would 
otherwise belong. The source of infection could not be discovered in 
any of the cases. In Cases 35 and 36 the path of infection was 
probably intestinal, for radiograms of the abdomen revealed the 
presence of calcified abdominal lymph nodes. In Case 35 these 
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calcified nodes were exceedingly numerous, occurring along the 
median line right from Th xn down to the middle part of the 
sacrum. On the other hand, in Case 34, in which a calcified primary 
complex was found in the left lung-hilar region, and in Case 38, 
having large calcium deposits in the left lung, the route of infection 
was probably pulmonary, caused by inhalation of tubercle bacilli. 
This is all the more probable as in Case 38 no calcified lymph nodes 
could be shown in the abdomen. In this case the different tuber- 
culous manifestations followed each other in quick succession. 
In 1916 the patient had left-sided exudative pleurisy, in 1934 
he was found to have epididymit. et vesiculit. seminal, dx. tbc. (et 
the. renis. dx.?). The radiograms of the lungs revealed, in addition 
to rests of a left-sided pleurisy, also large calcium deposits in the 
left supraclavicular region. In 1935 he developed left-sided epi- 
didymitis and bilateral renal tuberculosis, and in 1937 right-sided 
exudative pleurisy. Bovine tubercle bacilli were found in the urine 
in 1937 and in 1939. In the other cases belonging to this group 
no clue was obtained as to the pathway of infection. 

The location of the urogenital tuberculosis in these cases 
was as follows: The right epididymis (Case 30), renal tuberculosis 
and tuberculous bursitis (Case 31), renal tuberculosis (Cases 32 — 38), 
renal tuberculosis and pulmonary tuberculosis (Case 39). The 
tuberculous lesions were at first found in the right kidney in 3 
cases, and in the left kidney in 4 cases. In 2 cases both kidneys 
were affected. The clinical piclurc of bovine urogenital tuberculosis 
agreed in cvcrg respect with that of the corresponding disease of human 
origin. In some of the cases the rate of sedimentation was very 
high. 

Nephrectomy was performed in 7 of the cases. In Case 31 the 
tuberculous changes were found to be rather good-natured. The 
lower renal papilla was ulcerated. Solitary, non-liquefied tubercles 
were found in the corresponding pyramid. On the other hand, the 
changes were all the more serious in Cases 32, 34 and 36, all of 
which showed excavitation of the renal parenchyma. In Case 33 
the renal tissue was diffusely interspersed with tubercles. Pyoneph- 
rosis was observed in Case 35. The sac was partly composed of 
caseous granulation tissue containing tubercles. Finally, in Case 37 
there was in about the middle of the kidney an almost infarct-like 



148 : 


area, the size of a hazel-nut, containing dense, partly caseou 
miliary nodules. Solitary miliary nodules were, also found in the 
ureter on the same side. 

. Thus the changes were generally of a very serious nature and 
extensive. Case 32 was later complicated with tuberculosis in 
the other kidney. A few years later Case 38 developed a right- 
sided exudative pleurisy. In most of the cases, however, the 
general condition is at present good. Only one of the cases. 
Case 33, has died from the disease. Death took place about 4 
years after the appearance of the renal changes. There was no 
necropsy. 

The remaining 28 cases ( Cases 40 — 67), all with secondary and terti- 
ary pulmonary tuberculosis, have been referred to Group 10. These are 
of course the most interesting cases, as they should most likely be 
capable of transmitting the infection from man to man and from man 
to animals. That this is not only theoretically possible, but actually 
happened, has already been pointed out (seep. 110). Thus Case 8, 
who had a bovine primary complex in the left lung-hilar region 
and erythema nodosum (Figs. 6 — 7), was infected by Case 49, who 
had cavernous phthisis (Fig. 19). Case 62,. who was affected with 
bilateral cavernous phthisis (Fig. 32), can almost certainly be said 
to have infected a previously tuberculous-free herd on a farm, 
where she had milked only 3 weeks before the detection of the 
extensive, highly infectious, pulmonary changes. But these cases 
are also of interest, since they show that bovine pulmonary tuber- 
culosis in man is by no means rare in the Province of Skane and that 
it is also very malignant. 

Of the 28 cases belonging to this group 11 were males and 17 
females. The age distribution of the cases is given in the following 
table. 

As seen from the table, only one child, a girl aged 12, occurred 
among the cases. The others were adults, most of them belonging 
to the age group 20 — 26 years. A few cases, however, were of 
a still higher age. It is quite worthy of note that in 2 males the 
disease was first diagnosed at the age of 68 (Cases 40 and 67, Figs. 
11 and 37). In the former of these two cases the disease had only a 
relatively slight extension at the time of diagnosis. A very serious 
diabetes present at the same time, however, caused the patient s 
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Table 8. 


Age distribution of the cases with secondary and tertiary pulmonary tuberculosis. 


Ages 

M 

F 

Total 

12 

0 

1 

1 

10— 19 

3 

3 

6 

20— 2G 

3 

7 

10 

30—38 

0 

4 

4 

40—47 

3 

1 

4 

52 

0 

1 

1 

08 

2 

0 

2 


11 

17 

28 


death already after 6 months. In the latter case, on the other 
hand, the pulmonary changes were very extensive when the affection 
was diagnosed. Symptoms of the disease had been present for the 
past one or two years. 

The source of infection was found in only 2 of the 28 cases 
belonging to this group, probably because in some cases a long 
time had elapsed since the primary infection was acquired. For 
instance, Case 46 had scrofula 5 years before the development of 
the pulmonary tuberculosis. At least an equally long time must 
have elapsed between the primary infection and the onset of the 
tuberculous changes. In Case 49 there was an interval of 4 years 
between the erythema nodosum and the pulmonary tuberculosis. 
In Case 51 the radiograms revealed the presence of calcium deposits 
in the hilum and in one of the lungs. Provided that these residues 
were also of bovine origin, the interval between the primary infection 
and the pulmonary tuberculosis in this case must have been rather 
long. This is also true of Cases 52, 53 and 55, radiological evi- 
dence of an old tuberculosis of the abdominal lymph nodes being 
found, and of Case 62, which showed signs of an earlier tuberculosis 
of the cervical and axillary lymph nodes. In the majority of the 
cases, however, no evidence was found, from which it was possible 
to come to any definite conclusion as to when the bovine infection 
occurred. 
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In the 2 cases in which the source of infection was discovered 
the facts are as follows: Case 54 had milked and consumed raw 
milk from a herd, from which a cow had been slaughtered 3 years 
previously owing to its" being affected with tuberculosis. Tuber- 
culous disease had also occurred among the pigs on this farm. 
Case 56 was a milkmaid employed at a farm, where several 
cases of bovine tuberculosis in man had been discovered. The 
veterinary inspection of the cattle on this farm detected no less 
than 13 cows with open pulmonary tuberculosis, all of which were 
ordered to be slaughtered. 

, As in regard to the source of infection, the pathway by which 
the bovine bacilli had entered the body could be determined in 
only a few of the cases belonging to Group 10. In Cases 52, 53, 55 
and 67, however, infection took place in all probability by way of 
the intestinal tract, an old tuberculosis of the abdominal lymph 
nodes being discovered. On the other hand, an inhalation infection 
may have taken place in Cases 47 and 51, calcareous changes 
being found in the lung and hilar regions, but not in the abdomen. 
In the other cases no changes were found in the abdomen, tonsils, 
lungs or hilar regions, by means of which the discovery of the 
pathway of infection is facilitated. 

The symptoms in bovine secondary and tertiary pulmonary 
tuberculosis agreed in every respect with those in the corresponding 
affection due to human bacilli. Two of the cases (Cases 43 and 
48) felt quite well at the time of diagnosis. The rate of sediment- 
ation, however, was increased, 26 and 25 mm respectively. The 
changes in these cases were of a moderate extent. Bovine tubercle 
bacilli, however, were found in the sputum or in the gastric lavage. 
Case 46 had no pulmonary symptoms either, but this patient 
was troubled all the more with pains in the right ankle-joint due 
to tuberculous disease. The general physical examination on 
admission to hospital, however, revealed also rather small pulmo- 
nary changes (Fig. 16). The rate of sedimentation was greatly 
increased, 47 mm, and bovine tubercle bacilli were found in the 
gastric lavage. In most of the other cases the patients complained 
of cough, expectoration, loss of appetite, wasting, fever and fatigue. 
Stitch in the chest, dyspnoea, hoarseness and night sweats were 
also occasional symptoms. Haemoptysis occurred in 3 of the cases. 
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As a rule the rale of sedimentation was greatly increased; in 2 
cases, Cases 60 and 66, it was even as high as > 1.20. At the time 
of diagnosis bovine tubercle bacilli usually occurred abundantly 
in the sputum. 

The general appearance and character of the pulmonary 
changes will be clearly seen from Table 7 and numerous pictures 
showing the condition at the time of diagnosis. Nearly all the cases 
belonging to Group 10 are represented by pictures. In 8 of 
the cases the changes were at first in the left lung, in 8 cases 
in the right lung and in the remaining 12 cases they were bilateral. 
They varied, however, greatty in extent, being rather slight in 
13 cases, fairly extensive in 9 cases and very extensive in 6 
cases. 

Of more importance than the extent of the lesions, however, are 
the nature of the changes and the occurrence of cavities. The 
malignancy of the changes already at the time of diagnosis can be 
seen from the pictures. Thus not less than 19 of the 2S cases were 
exudative (Figs. 13, 14, 17, 20,21,23 — 29,31 — 36), 2 of which had 
even extensive pneumonic, changes (Figs. 21 and 23). Cavity formation 
occurred already at the time of diagnosis in 20 of the cases (Figs. 
11, 13, 17, 19, 20, 24 — 37). The appearance of the radiograms was 
at times strikingly similar. Compare, for instance, the appearance 
of the changes in Figs. 24 — 27 and 34, all of which show a 
rather extensive, cloudy, more or less confluent mottling and 
the simultaneous occurrence of a cavity. Figs. 13, 17, 28 and 29 
also present a very uniform appearance. In these cases the changes 
are seen as a rather small, cloudy density with a cavity in the 
centre. 

Considering that the bovine pulmonary tuberculosis already 
at the time of diagnosis was so predominantly exudative and so 
frequently cavernous, there cannot be any doubt as to its malig- 
nancy. The subsequent development of the changes proved the 
correctness of this view. Of the 2S cases only 12 1 are now alive, 
the others died as a rule in the first or second year' after the de- 
tection of the disease, in spite of all therapy. Five of these cases 
came to necropsy. Of the 12 surviving cases one is in a hopeless 

1 At the time of printing 2 more cases, Cases 44 and 45, have died from 
their tuberculous disease. 
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condition, but the others are doing rather well. The period of 
observation, however, is too riiort to permit me to say that they 
have passed the danger line. The majority of them are still under- 
going pneumothorax treatment. Thus it cannot be said that the pre- 
sent investigation has shown that bovine secondary and tertiary pul- 
monary tuberculosis in man is more benign than that due to human 
injection. In a very large number of the cases the changes proved 
themselves from the very beginning to be malignant and in their sub- 
sequent development frequently showed a rapidly progressive tendency 
in defiance of all therapy . Consequently bovine pulmonary tuber- 
culosis in man is a severe affection with a very serious prognosis. 

Among the 67 cases there were altogether no less than 42 with 
primary, secondary or tertiary pulmonary changes. The latter 
then include ali cases belonging to groups 2 and 10 (Table 6, p. 
128). No pulmonary changes, it is true, could be radiologically 
shown in two of these cases, Cases 2 and 3, but the occurrence of 
tubercle bacilli in the sputum and in the gastric lavage suggests 
rather strongly the presence of a pulmonary lesion in addition lo 
the hilar adenitis associated with the primary lesion. Cases 11 and 
19, where the disease spread haematogenously to the lungs, and 
Case 29, in which pulmonary tuberculosis occurred at the same 
time as bone tuberculosis, have also been counted among these 42 
cases. A little more than 3 per cent of the cases of pulmonary tuber- 
culosis in man typed were found to be of bovine origin. If a further 
11 cases (Table 6, p. 128) found while the results of the investigation 
were being collocated are added to the 42 cases of pulmonary 
tuberculosis, thus altogether 53 cases of bovine primary, secondary 
and iertiary pulmonary tuberculosis have been shown in Skdne. 


C. The epidemiology and clinical feature of bovine 
tuberculosis in man. 

In the preceding analysis of the material I have several times 
touched on questions of great importance not only for our under- 
standing of bovine tuberculosis in man but also for 'an effective 
campaign against this disease. In the following pages I shall 
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try to consider them in a somewhat wider relation. The questions 
I refer to are the following: 


a) How does bovine tuberculous infection take place, and 
where in the human body does it produce its first changes (primary 
tuberculosis)? 

b) When and where is man exposed to the greatest risk of bovine 
primary infection? 

c) What is the clinical picture of bovine primary tuberculosis 
in man? 

d) How long is the interval between a bovine primary tuber- 
culosis and the. appearance of secondary and tertiary tuberculous 
changes? 

e) What is the clinical picture of secondary and tertiary tuber- 
culosis (of bovine origin) in man? 

f) How is bovine tuberculosis diagnosed? 


a) How does bovine tuberculous infection take place, arid where in 
the human body docs it produce its first changes ( primary tuber- 
culosis)? 

That bovine tubercle bacilli arc as a rule introduced into the 
human body along with milk or meal from tuberculous cattle is a fact 
acknowledged by all investigators in this field. The primary 
changes are therefore found most frequently in the abdomen (tuber- 
culosis of the mesenterial lymph nodes) or in the cervical glands 
(the tonsils or associated cervical lymph nodes). From these foci 
the tuberculosis may subsequently spread haematogenously to 
different parts of the body and give rise to tuberculosis of the skin, 
bones, lymph nodes, urogenital organs, lungs, etc. Children are 
very frequently exposed to the risk of such an infection, chiefly 
on account of the large quantities of milk ingested. But even adults 
are exposed to the danger of getting an infection, especially if they 
arc employed on farms where there are tuberculous cattle. The 
supply of milk is often included in their wages, and they therefore 
consume raw milk to a greater extent than other groups of the 
population. The danger involved in ingesting such milk is obvious, 



154 


and is defined by Griffith (40) as follows: »There is little doubt 
that the greater part of human tuberculosis of bovine origin is 
due to infection conveyed in milk and milk products from tuber- 
culous cows». 

The possibility of an aerogenous infection of human beings by 
bovine tubercle bacilli was not brought into discussion until recent 
years. The problem began to arouse special interest when it was 
found that bovine tubercle bacilli may also produce pulmonary 
tuberculosis in man, a thing that was doubted not so many years 
ago. Whether pulmonary changes more frequently occur as the 
result of a metastasis from earlier intestinal foci. or following an 
inhalation of bovine tubercle bacilli is still an open question 
however. That an inhalation tuberculosis can actually occur is 
obvious. In coughing, cows affected with pulmonary tuberculosis 
spread tubercle bacilli about them in the same manner as the human 
consumptive. The bacilli may be inhaled either immediately or 
later, when they are whirled about along with the dust in the stalls. 
The danger of infection by inhalation must therefore be exceedingly 
great for those persons employed in milking and tending cows, 
and whose dwelling-places are occasionally adjoining the byre. 
Since the question as to the frequency of such an inhalation tuber- 
culosis is of great importance, not least for the future campaign 
against tuberculosis, it is necessary for me to give a brief account of 
the opinions of other investigators. 

In one of his numerous, exceedingly valuable investigations 
published in 1930 Griffith (39) wrote: »These observations suggest 
that ’bovine’ phthisis pulmonalis may occur only in those persons, 
who are infected by the alimentary route and may never be 
transmitted as such from one person to another». In 1937 the same 
author (42) defines bis view as follows: »One may conclude therefore 
that in Great Britain ulcerative pulmonary tuberculosis due to 
bacilli of the bovine type is in a large proportion of the cases the 
final phase of an infection acquired in childhood or adolescence or 
even in adult life through the consumption of infected milk». In 
this connexion Griffith calls attention to the fact that in recent 
years cases of tuberculosis in children, mainly Scottish, had been 
found, »in which the anatomical evidence at autopsy was in favour 
of the respiratory tract as the portal of entry of the bacilli». Thus 
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the changes consisted of »enlarged and extensively caseous tracheo- 
bronchial glands with or without a primary focus in the lungs». The 
mesenterial lymph nodes, on the other hand, showed »no lesions 
whatever, or only miliary focus». Griffith, it is true, does not 
dispute the possibility of some of these children having been 
infected through the inspired air, but he points out at the same 
time that »no connection has been traced between such a case and 
a case of bovine pulmonary tuberculosis and this is essential before 
air-borne infection can be finally accepted. For there are alternative 
explanations, namely, insufflation of infected milk or infection of 
the lung directly through the lymph and blood-streams from 
the alimentary canal». 

In 1931, however, Bruno Lange (60) advocated the possibility 
of bovine infection taking place by the acrogenous route. In his 
opinion, bovine pulmonary tuberculosis in adults arises partly 
from an old tuberculous lesion caused by an infection in younger 
days through the intestinal tract, partly by acrogenous infection, 
ftwhich is probably acquired not so infrequently at a later age». 
He believes (61) that especially agricultural workers, who come 
more into contact with tuberculous cattle than others, are exposed 
to the risk of bovine infection. Blaciclocic (11) has described 
three cases of bovine primary thoracic infections. In two of these, 
one a child of 9 months, and the other aged 2 years and 3 months, 
no primary foci were found in the lungs, though the tracheo- 
bronchial glands were fairly extensively diseased. In the remaining 
case, that of a child aged 18 months, the most extensive tuberculous 
disease was found in the thoracic paratracheal glands. 

Bcccntly K. A. Jensen in particular has called attention to the 
importance of bovine infection by the acrogenous route. In a work 
(53) published in 1940 in collaboration with Lester and Tolder- 
iajnd some very interesting points of view are put forward, which 
according to these authors »might indicate that also inhalation 
infection plays a role in the transmission of the bovine infection)). 
Thus, it is pointed out that the large number of cases of bovine 
pulmonary tuberculosis in adult county people might indicate 
that these country people arc exposed to a direct inhalation from 
the cattle besides the milk infection. In these cases the affection 
frequently ran a rapid and serious course, which, according to the 
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authors, does not seem reasonable to attribute to an alimentary 
infection. The demonstration of 15 cases of primary conjunctival 
tuberculosis caused by the bovine type - all adult country people 
in contact with cattle (milking) - also indicate, according to these 
authors, the possibility of a bovine inhalation tuberculosis. AVhen 
this can take place by getting dust or drops of tubercle bacilli- 
containing milk in the eyes, there can hardly be any doubt that 
they are liable to inhalation infection too#. One of the cases observed 
by Jensen (52), »in which it was practicable with great certainty 
to state that infection with the bovine type had been transmitted 
from man to man», argues also in the same direction. Jensen, 
Lester and Tolderlund sum up their view of this problem as 
follows: »Taking all these lindings into consideration , one arrives 
at the result that the bovine type is able to infect man not only 
through the digestive tract but also through the respiratory 
passages, and that a stable in which tuberculous cows are kept 
throughout the winter undoubtedly involves the same risk of in- 
fection as does, for instance, a tuberculosis sanatorium)). 

At the same time as the above-mentioned investigation very 
strongly emphasizes the importance of bovine infection by the 
aerogenous route, it also calls attention to two more pathways by 
which bovine infection can take place, viz. by dust and dirt and 
by transmission from one person affected with bouine pulmonary 
tuberculosis to another. Judging from the investigations of K. A. 
Jensen and 0. Blegvad, infection by the former route seems to 
be by no means rare. The latter mode of infection is probably not 
uncommon either, although the evidence so far advanced is not 
conclusive. The detection of several cases of tuberculosis in a 
consumptive's family is not sufficient proof of the transmission of 
bovine infection from one human being to another. Proof must 
also be obtained that they are caused by bovine tubercle bacilli. 
A further examination will not infrequently show that the tuber- 
culous affection of the other members of the family is of human 
origin (see Cases 42 and 45), and that therefore the case of bovine 
tuberculosis simply occurs in a family probably less resistant to 
tuberculous infections on the whole. I have already in a previous 
chapter advanced the view that the following conditions must be 
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3-bedroom together with two bacillary phthisics (patients A and B) 
with a marked degree of tuberculosis. In the latter part of October the 
Pirquet test turned out negative, and then the patient was transferred to 
a tuberculosis-free room, and it was the intention to discharge her in a 
near future. The Pirquet test was repeated on 15/11 1932, and now it 
turned out positive. A few days later her temperature was subfebrile, and 
she began to feel ill. The temperature rose slowly but rather steadilv, 
staying finally between 38° and 39° C. Roentgenography was repeated 
on 30/11, and now it showed a massive infiltration at the hilum. On 2/12 
the patient had erythema nodosum. The sedimentation rate was then 27 
mm. On 23/12 gastric lavage was sent to this laboratory for examination 
for tubercle bacilli and cultures herefrom showed a typical bovine strain 
that was virulent for rabbit on subcutaneous inoculation with 10 mg. of 
the culture. The patient was discharged from the sanatorium at the request 
of her parents, and it has not been possible to make her return for re-exa- 
mination. 

Now the strains of tubercle bacilli cultivated from the two patients, A 
and B, who stayed in the same sickroom, were type-determined with this 
result: Patient A. Sputum, received on 29/3 and 1/6 33, gave growth of 
human tubercle in pure culture. Patient B. Sputum, received on 24/4 
33, gave growth of bovine tubercle bacilli in pure culture that proved 
highly virulent for rabbit*. 

In my opinion, the above cases of Munro and of Jensen furnish 
indubitable proof that bovine infection can really be transmitted 
from one human being to another. To these cases can now be 
added the following two cases observed by me. In one of these the 
source of infection was a woman, aged 24, with cavernous phthisis 
and abundant bovine tubercle bacilli in the sputum (Case 49, 
Fig. 19). Her infectiosity can be gathered from the fact that both 
her husband and a 7-year-old sister got tuberculosis. Even 2 
previously • non-tuberculous cows belonging to the small farm 
became tuberculin reactive. The husband developed a very severe 
exudative pleurisy, which necessitated a long period of hospital 
care. Examinations, however, failed to reveal tubercle bacilli 
and therefore the bovine origin of the changes could not be proved. 
On the other hand, the sister (Case 8, Figs. 6 — 7), had, in addition 
to erythema nodosum, a primary complex in the left lung and hilar 
region. Bovine tubercle bacilli were isolated from the gastric 
lavage. The possibility of a fresh infection from the cattle belong- 
ing to the farm could be excluded* The particulars of this case 
are given in pages 28 — 30. 
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The oilier case was discovered after the conclusion of the invest- 
igation, while the material was being worked up for publication, 
and is therefore not included in the Case Histories. The source 
of infection was a foundry worker, aged 22, living just outside the 
town of Ystad. In 1937 and 1938 he had been treated at Lund 
Hospital for tuberculosis of the cervical lymph nodes. At that 
lime the lungs were radiographically normal, but examination in 
April 19 10 revealed an extensive left-sided pulmonary tuberculosis. 
At the apex there were two cavities the size of walnuts (Fig. 40). 
Tubercle bacilli were found in very large numbers in the sputum, which 
when typed were found to be bovine. The patient was at once 
admitted to sanatorium, and after thoracoplasty is in a rather 
good condition. 

At about the same time as the detection of the father’s bovine 
pulmonary tuberculosis, parenchymal changes at the apex and 
base of the right lung and a considerable enlargement of the medi- 
astinal lymph nodes (primary complex) were shown in a 3-year-old 
son (Fig. 11). As an expression of the hacmalogenous spread of 
the tuberculous affection there also appeared spina vcnlosa and 
multiple abscesses under the skin, which were subsequently found to 
contain bovine tubercle bacilli. The child’s condition gradually 
improved. 

FurLher examination of the family revealed the presence of 
a fresh left-sided hilar adenitis in a brother, aged 3, and small 
pulmonary changes in the father of the patient. Examination, 
however, failed to reveal tubercle bacilli in these two cases. The 
milk consumed was pasteurised, therefore the infection was evid- 
ently transmitted from person to person within the family. 

From the above views the following conclusions may be drawn: 
Bovine tuberculosis in man is most commonly caused by the 
ingestion of milk and meat from tuberculous cows. The first changes 
(primary tuberculosis) therefore consist as a rule of tuberculosis 
or the mesenterial or cervical lymph nodes (tonsillar tuberculosis). 
Further, bovine infection may be acquired by the impregnation of 
dirt and dust (cutaneous tuberculosis, conjunctival tuberculosis 
and tuberculosis of cervical lymph glands). But bovine tuberculosis 
in man may occur also by the aerogenous route, the changes in 
that case presenting as a rule the picture of a hilar adenitis or a 



Fig. 40. 

A man, aged 22 (foundry worker), with left-sided cavernous phthisis of bovine 
origin. The film shows tuberculous changes in the greater part of the left lung 
in addition to two cavities the size of walnuts at the left apex. Bovine tubercle 
bacilli were found in very large numbers in the sputum. The patient’s condition 
has improved as the result of thoracoplasty. 

The patient transmitted the disease to the case shown in Fig. 41. 

primary complex. Evidence in support of air-borne infection is 
afforded in the first place by the 4 cases mentioned above, where 
an aerogenous transmission of bovine tuberculosis from man to 
man undoubtedly occurred. Further evidence of this pathway 
of infection is furnished by a number of observations of cases 
of hilar adenitis, with or without changes of the lung, agreeing 
completely in appearance with that seen in human primary tuber- 
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Tig. 11. 

A hoy of 3 yc-iirs. a son of t he patient recorded on p. 15S and in Fig. 40. The 
radiogram shows tuberculous changes in the right lung and in the mediastinum 
(primary complex). The patient, whose condition gradually improved, had at 
the same time spina ventosa and multiple cutaneous abscesses, from which 
bovine tubercle bacilli were cultivated. The source of infection was the father. 

culosis (Cases 2 — 10). On Ihc oilier hand, it is not yet certain 
whether the relatively common occurrence of bovine pulmonary 
tuberculosis among those milking or tending cows, etc. is generally 
due to repealed inhalations of tubercle bacilli. Such persons also 
consume large quantities of milk from the farms, consequently at 
least some of these cases were very probably caused by metastasis 
from intestinal foci. 

In order to obtain the greatest possible clarity as to the route 
of infection it is essential, in my opinion, that bovine tuberculosis 
in man is studied as uniformly as possible. The problem concerning 
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tlie paths by which infection enters is important, for if bovine 
tuberculosis is relatively frequently acquired by the aerogenous 
route new and adequate measures must be taken to prevent such 
infections. Our present measures are mainly devoted to the pre- 
vention of alimentary tuberculosis. 

1) In fresh infection careful search must be made for the site 
of the first tuberculous changes. In such cases it is generally easy 
to find the source of infection and thus determine the interval of 
time within which infection may have taken place. The time of 
infection may also be estimated approximately if the patient de- 
velops erythema nodosum, which evidently appears in a relatively 
large number of cases in association with the primary infection, at 
any rate in Sweden (v. Cases 2 — 5, 8, 9 and 15). 

2) If bovine tuberculosis has already developed, valuable in- 
formation as to a previous tuberculous infection may be obtained 
from the patient’s past history. Radiographic examination is 
necessary not only of the lungs but also of the abdomen. Research 
into the existence of residues of tuberculosis (calcification, fibrosis, 
etc.) must be made. Tonsils and cervical lymph nodes must also 
be carefully examined. In the event of autopsy it is of the greatest 
importance not only to study the extent of the tuberculous disease 
but also methodically to look for the site of the primary lesion.- 

As far as possible the 67 cases included in the present classi- 
fication were investigated in the manner described above. For the 
sake of perspicuity the observations made have been presented 
in Table 9. Further particulars of the different cases will be found 
in the Case Histories on pages 19—101, and in the analysis of the 
cases on pages 102 — 152. As seen from the table the pathway of 
infection was intestinal in 12 cases, tonsillar in 3 certain cases and 
in 1 uncertain case, aerogenous in 14 certain and 2 uncertain cases, 
while in 35 cases the route of infection could not be determined. 
It is noteworthy that 23 of the last-mentioned cases had pulmonar y 
tuberculosis. It is quite possible that some of them were infected 
by the aerogenous route. In 2 cases primary intestinal infection 
gave rise to miliary tuberculosis and tuberculous meningitis (Cases 
11 and 12), in 1 case to tuberculous meningitis (Case 13), in 2 cases 
to tuberculous peritonitis (Cases 16 and 17), in 1 case to bone tuber- 
culosis with an abscess (Case 27), in 2 cases to renal tuberculosis 



Table 9. 
.Route of infection 
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No. of 

ease 



Site of primary lesion 

Age 

Main clinical features 

in ab- 
domen 

in tonsils 
or ccrv. 
lymph n. 

in 

lungs 

un- 

certah 

i 


No changes. T. B. in gastric lavage. 




+ 

2 

1 

Erythema nodosum and pulmonary and hilar 
changes due to a fresh tuberculous infection 
from a known source of infection (Fig. 1). No 
tuberculosis of cervical lymph nodes. No 
calcified lymph nodes in thorax or abdomen. 
T.B. in sputum and gastric lavage. 



+ 


3 

7 

Erythema nodosum and hilar adenitis due to 
a fresh tuberculous infection from a known 
source of infection (Fig. 2). No tuberculosis 
of cervical lymph nodes. No calcified lymph 
nodes in thorax or abdomen. T. B. in gastric 
lavage. 



+ 


•1 

10 

Erythema nodosum and hilar adenitis due to a 
fresh tuberculous infection from a known 
source of infection. No tuberculosis of 
cervical lymph nodes. No calcified lymph 
nodes in thorax or abdomen. T. B. in 
sputum and gastric lavage. 



+ 


5 

1C 

Erythema nodosum, lung and hilar changes 
due to a fresh tuberculous infection from a 
known source of infection. No tuberculosis 
of cervical lymph nodes. No calcified lymph 
nodes in thorax or abdomen. T. B. in gastric 
lavage. 



+ 


(> 

20 

Lung and hilar changes (Fig. 3). Source of 
infection unknown. No tuberculosis of cerv- 
ical lymph nodes. No calcified lymph nodes 
in thorax. Abdomen was not radiographed. 
T. B. in sputum and gastric lavage. 



? 


7 

11 

Pulmonary and hilar changes due to a fresh 
tuberculous infection from a known source 
of infection (Figs. 4 — 5). When patient 
became ill, the tuberculin reaction was 
negative, but soon became strongly positive. 
No tuberculosis of cervical lymph nodes. 
No calcified lymph nodes in thorax or ab- 
domen. T. B. in sputum and gastric lavage. 
Aitlopsy 1 year later confirmed assumption 
of location of primary lesion in the lungs. 



+ 















164 


Continued 


No. of 

Age 

Main clinical features 

Site of primary lesion 1 

case 


in tonsils 
or cerv. 
lymph n. 

• in 
lungs 

un- 

certain 

8 

7 

Erythema nodosum and pulmonary and hilar 
changes clue to a fresh tuberculous infection 
from a known source of infection (Figs. 6—7). 
No tuberculosis of cervical lymph nodes. 
No calcified lymph nodes in thorax or ab- 
domen. T. B. in gastric lavage. 



+ 


9 

23 

Erythema nodosum and pulmonary and hilar 
changes due to a fresh tuberculous infection 
from a known source of infection. No tuber- 
culosis of cervical lymph nodes. No calcified 
lymph nodes in thorax (abdomen not radio- 
graphed). T. B. in sputum 



+ 


10 

30 

Pulmonary and hilar changes due to a fresh 
tuberculous infection from a known source 
of infection (Figs. 8 — 9). No tuberculosis 
of cervical lymph nodes. No calcified lymph 
nodes in thorax or abdomen. T. B. in pleural 
fluid and lung tissue. Autopsy, 13 months 
after primary infection, proved occurrence 
of inhalation tuberculosis. 



+ 


11 

6 

Acute miliary tuberculosis (Fig. 10) and 
tuberculous meningitis, secondary to bovine 
primary infection of abdomen. Confirmed 
by autopsy. 

+ 




12 

15 

mths 

Acute miliary tuberculosis and tuberculous 
meningitis, secondary to primary tuberculosis 
of abdomen. Confirmed by autopsy. 

+ 




13 

7 

mths 

Tuberculous meningitis with preceding ab- 
dominal trouble. No X-ray examination 
of abdomen and lungs. No autopsy, pa- 
tient dying at home. 

+ 




14 

23 

Exudative tuberculous pleurisy. No tuber- 
culosis of cervical lymph nodes. No calc- 
ified lymph nodes in thorax or abdomen. 
T. B. in pleural exudate. Patient did not 
like milk and had therefore not consumed 
any milk for more than 15 years. Source of 
infection unknown. 





15 

41 

Exudative tuberculous pleurisy. 17 months 
previously a fresh tuberculous infection with 
erythema nodosum, pulmonary and hilar 
changes and wnitial foci» at apex of left lung. 



+ 
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No. of 

Age 

Main clinical features 

Site of primary lesion I 

case 

in ab- 
domen 

in tonsils 
or cerv. 
lymph n. 

in 

lungs 

un- 

certain 

27 

6 

Bone tuberculosis with abscess. Considerable 
abdominal trouble some time before appear- 
ance of bone changes. No X-ray examina- 
tion of lungs and abdomen. T. B. in abscess. 

+ 




28 

62 

Bone tuberculosis. Calcified primary complex 
in right lung and hilar region. X-ray exam- 
ination of abdomen showed no calcified 
lymph nodes. T. B. in abscess. 



+ 

* 

29 

29 

Bone and pulmonary tuberculosis. No tuber- 
culosis of cervical lymph nodes. No calc 
ified nodes in thorax or abdomen. Pulm- 
onary changes certainly not primary. T. B. 
found only in punctate from knee-joint. 



' {_ 

) 

4 

30 

29 

Urogenital tuberculosis. No X-ray examina- 
tion of lungs or abdomen. T. B. in urine. 




4- 

31 

23 

Renal tuberculosis and bursii. tbc. tuberosii. 
tibiae. Normal lungs. No calcified lymph 
nodes in thorax. No X-ray examination of 
abdomen. T.B. in urine. 




4 

32 

28 

Renal tuberculosis. No X-ray examination of 
lungs or abdomen. T. B. in urine. 




+ 

33 

28 

Renal tuberculosis. Normal lungs. No calc- 
ified lymph nodes in thorax. No X-ray 
examination of abdomen. T. B. in urine. 





34 

25 

Renal tuberculosis. Calcified primary com- 
plex in left lung and hilar region. No evid- 
ence of calcified lymph nodes in abdomen. 
T. B. in urine. 

• 


+ 


35 

34 

Renal tuberculosis. Normal lungs. Num- 
erous calcified lymph nodes in abdomen but 
none in thorax. Abdominal trouble for a 
long time previously. T. B. in pyonephrotic 
sac. 

+ 




36 

• 34 

Renal tuberculosis. Normal lungs. No calc- 
ified lymph nodes in thorax, but found in 
abdomen. T. B. in urine. 

+ 




37 

25 

Renal tuberculosis. Normal lungs. No calc- 
ified lymph nodes in thorax. No X-ray 
examination of abdomen. T. B. in urine. 




4 
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Site of primary lesion 


Main clinical features 


in ab- 
domen 



in un- 
lungs certain 


32 Renal tuberculosis. Left-sided pleurisy and 
large calcium deposits in left lung as far back 
as 1916. Later right-sided epididymitis and 
tuberculosis of right seminal vesicle (1934), 
left-sided epididymitis and bilateral renal 
tuberculosis (1935), right-sided pleurisy 
(1937). Bovine T. B. in urine in 1937. 
Cervical lymph nodes normal. No calcified 
lymph nodes in abdomen. 

18 Renal and pulmonary lubcrculosis due to a 
relatively fresh tuberculous infection (ery- 
thema nodosum about 2 years previously). 
No tuberculosis of cervical lymph nodes. 
No calcified lymph nodes in thorax or ab- 
domen. T. B. in urine. 

68 Pulmonary lubcrculosis (Fig. 11). No tub- 
erculosis of cervical lymph nodes. No calc- 
ified lymph nodes in thorax. Radiogram 
of abdomen not taken. 

40 Pulmonary tuberculosis (Fig. 12). No tub-1 
erculosis of cervical lymph nodes. No calc- 
ified lymph nodes in thorax. Radiogram of 
abdomen not taken. 

23 Pulmonary lubcrculosis (Fig. 13). No tuber- 
culosis of cervical lymph nodes. No calc- 
ified lymph nodes in thorax or abdomen. 

16 Pulmonary tuberculosis. No tuberculosis of 
cervical lymph nodes. No calcified lymph 
nodes in thorax. Radiogram of abdomen 
not taken. 

26 Pulmonary tuberculosis (Fig. 14). No tuber- 
culosis of cervical lymph nodes. No calc- 
ified lymph nodes in thorax. Radiogram 
of abdomen was not taken. 

40 Bilateral pleurisy, one year later bilateral 
pulmonary tuberculosis, both of bovine or- 
igin (Fig. 15). No tuberculosis of cervical 
lymph nodes. No calcified lymph nodes in 
thorax or abdomen. 

18 Pulmonary and bone tuberculosis ( scrofula 5 
years previously) (Fig. 16). No tubercul- 
osis of cervical lymph nodes. No calcified 
lymph nodes in thorax. Radiogram of ab- 
domen was not taken. 
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Continued 


No. of 
case 


Age 


Main clinical features 


Site of primary lesion 


in ab- 
domen 


in tonsilsj 
or cerv. 
[lymph n. 


in 

lungs 


un- 

certain 


47 


48 


49 


50 


51 


52 


53 


54 


55 


17 Pulmonary tuberculosis (Fig. 17). No tuber-! 
culosis of cervical lymph nodes. Calcifica-! 
tion in left hilar region, indicating earlier: 
hilar gland tuberculosis. No calcified lymph 
nodes in abdomen. 

35 Pulmonary tuberculosis ( exudative pleurisy 
7 years previously) (Fig. 18). No tuberculosis 
of cervical lymph nodes. No calcified lymph 
nodes in thorax. Radiogram of abdomen 
was not taken. 

04 Pulmonary tuberculosis ( erythema nodosum 
4 years previously) (Fig. 19), No tuberculosis 
of cervical lymph nodes. No calcified lymph 
nodes in thorax. Radiogram of abdomen 
was not taken. 

47 Pulmonary tuberculosis (Fig. 20). No tuber- 
culosis of cervical lymph nodes. No calc- 
ified lymph nodes in thorax. Radiogram 
of abdomen was not taken. 

10 Pulmonary tuberculosis (Fig. 21). No tub- 
erculosis of cervical lymph nodes. Large 
calcium deposits in both hilar regions. Small 
calcium deposits at apex of right 
Abdominal radiogram showed no calcific 
lymph nodes. 

18 Pulmonary and cervical gland tuberculosis 
(Fitts. 22—23). Tuberculous nodes on neck. 
Calcified cervical lymph nodes (extending 
over right supraclavicular region) and also 
calcified nodes in right hilum. Y er y extens- 
ive calcification of lymph nodes in abdomen. 
Autopsy confirmed location of primary 
fection in abdomen. 

Pulmonary and cervical gland dibercalosis 
Calcified lymph nodes in abdomen, but noi 
in thorax. 

Pulmonary tuberculosis (Fig. 24). No tuber- 
culosis of cervical lymph nodes, andno«J 
ified lymph nodes in thorax or abdomen. 

Pulmonary tuberculosis (Fig. 25). Notubcr- 
culosis of cervical lymph nodes. Numerous! 


30 


16 


21 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 
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Continued 


No. of 

case 



Site of primary lesion 

Age 

Main clinical features 

in ab- 
domen 

in tonsils 
or cerv. 
lymph n. 

in 

lungs 

un- 

certain 



calcified lymph nodes in abdomen, but none 
in thorax. Autopsy confirmed site of prim- 
ary infection in abdomen. 





56 

25 

Pulmonary tuberculosis (Fig. 26). No tuber- 
culosis of cervical lymph nodes, and no 
calcified lymph nodes in thorax or abdomen. 
Source of infection found. 




+ 

57 

42 

Pulmonary tuberculosis (Fig. 27). No calc- 
ified lymph nodes in thorax. No radiogram 
of abdomen made. Autopsy did not reveal 
any evidence of tuberculosis of mesenterial 
or intestinal lymph nodes. 




+ 

58 

22 

Pulmonary tuberculosis (Fig. 28). No tuber- 
culosis of cervical lymph nodes. Radio- 
gram of abdomen was not taken. No calc- 
ified lymph nodes in thorax. 




+ 

59 

38 

Pulmonary tuberculosis (Fig. 29). No tuber- 
culosis of cervical lymph nodes. Radiogram 
of abdomen was not taken. No calcified 
lymph nodes in thorax. 




4 

60 

52 

Pulmonary tuberculosis (27 years previously 
exudative pleurisy) (Fig. 30). No tuber- 
culosis of cervical lymph nodes. Abdominal 
radiogram was not taken. No calcified 
lymph nodes in thorax. 




+ 

61 

20 

Pulmonary tuberculosis (Fig. 31). No tuber- 
culosis of cervical lymph nodes, and no 
calcified lymph nodes found in thorax or 
abdomen. 




+ 

62 

24 

Pulmonary and laryngeal tuberculosis 
(Fig. 32). Large numbers of calcified lymph 
nodes in both axillae and on neck, but none 
in hilar regions. No radiographic examina- 
tion of abdomen performed. 




+ 

63 

21 

Pulmonary tuberculosis (Fig. 33). No tub- 
erculosis of cervical lymph nodes, and no 
calcified lymph nodes in thorax. Radio- 
graphic examination of abdomen was not 
performed. 




+ 

64 

25 

Pulmonary tuberculosis (Fig. 34). No tuber- 
culosis of cervical lymph nodes, and no calc- 
ified lymph nodes found in thorax or ab- 
domen. 




+ 
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No. of 

Age 

Main clinical features 

Site of primary lesion j 

case 

in ab- 
domen 

in tonsils 
or ccrv. 
lymph n. 

in 

lungs 

un- 

certain 

65 

31 

Pulmonary tuberculosis (Fig. 35). No tub- 
erculosis of cervical lymph nodes, and no 
calcified lymph nodes found in thorax or 
abdomen. 




+ 

GC 

19 

Pulmonary tuberculosis (Fig. 36). No tub- 
erculosis of cervical lymph nodes, and no 
calcified lymph nodes found in tborax or 
abdomen. 




+ 

67 

68 

Pulmonary tuberculosis (Fig. 37). No tub- 
erculosis of cervical lymph nodes, and no 
calcified lymph nodes in thorax. Radio- 
gram of abdomen was not taken. Aulopsy 
revealed, however, the presence of old, 
calcified mesenterial lymph nodes. 

+ 





(Cases 35 and 36) and in 4 cases to pulmonary tuberculosis (Cases 
52, 53, 55 and 67; Figs. 22, 23, 25, 37). Tonsillar infcc'lion was 
the cause of 3 cases of tuberculosis of the cervical lymph nodes 
(Cases 19, 20 and 23). To these should be added one uncertain case 
(Case 18), in which tuberculosis of the cervical lymph nodes occurred 
as the result of a fresh tuberculous infection originating from a 
known source of infection. Since no changes could be demonstrated 
in the lungs (or hilar regions) and in the abdomen, but bovine tubercle 
bacilli were found in the stomach washing, the route of infection was 
probably by the tonsils. The bacilli were probably swallowed from the 
tuberculous lesions in the tonsils but no proof is available as excision 
was not performed. Acrogcnous primary injection brought about 
a primary complex in one of the lungs and the corresponding hilar 
region in 2 cases (Cases 7 and 10, Figs. 4, 5, 8, 9), a primary complex 
and erythema nodosum in 4 cases (Cases 2, 5, S and 9, Figs. 1, 6, 7), 
hilar adenitis and erythema nodosum in 2 cases (Cases 3 and 4; Fig. 
2), a primary complex, erythema nodosum and incipient pulmonary 
tuberculosis, and 17 months later exudative pleurisy in 1 case (Case 
15), a bone tuberculosis in 1 case (Case 28), a renal tuberculosis in 2 
cases (Cases 34 and 38), and, finally, pulmonary tuberculosis in 2 
cases (Cases 47 and 51). It should be noted that in the majority 
of these cases the source of infection was discovered and that the 
connexion between the infection and the occurrence of the primary 
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lung and hilar changes was rather clearly elucidated. Some of the 
cases were children of the same family and became ill at about 
the same time. In 2 more cases the pathway af infection was most 
probably aerogenous (Cases 6 and 14). Case 6 developed changes 
reminiscent of a primary complex in the lung and. the corresponding 
hilar region (Fig. 3). Case 14, who had an exudative pleurisy, had 
milked and tended cows, but had not consumed any milk for more 
than 15 jears. 

The present investigation thus indicates that bovine tuberculosis 
in man may occur not only by ingesting milk from tuberculous cows 
and by the impregnation of bacillus-carrying dust, but also by the 
inhalation of tubercle bacilli. The surprisingly large number of 
tuberculous cases due to aerogenous infection found in our investi- 
gation in fact goes to prove that this route of infection plays a much 
greater role than was formerly ascribed to it. Laboratory infection has 
also been observed (Case 9). Bovine infection can also be transmitted 
from man to man (p. 14S and 156 — 159) and from man to cattle (p. 148). 
So matter by what route the bovine tubercle bacilli enter the system the 
disease may spread haemalogcnously to other parts of the body and give 
rise to secondary and tertiary tuberculosis. Bovine primary tuberculous 
changes are met with not only in the mesenterial and cervical tymph 
nodes (tonsils, conjunctiva) but also in the lungs and in the lymph 
nodes of the hilum and of the mediastinum. The following schema 
(Table 10) may therefore be drawn to illustrate the sources of 
infection, pathways of infections and the location of the first 
changes, thereby answering the question asked: 


1. Tuberculous/ 
cows 


Table 10. 

Milk, meat — Alimentary 
infection 


Impregnation 

infection 


Dust, droplets ' 


2. Tuberculous ,, , , . . Inhalation 

„„„ — Dust, droplets — . r .. 

persons 1 infection 


^ Tuberculosis of mesenter- 
ial lymph nodes 

v Tuberculosis of cervical 
lymph nodes (tonsillar 
the.) 

'Cutaneous tuberculosis 

^ Conjunctival tuberculosis 
(tbc. of cervical lymph 
nodes) 

Tuberculous hilar adenit- 

/ is 

Primary complex of tub- 

_ erculosis (hilar aden- 
itis + pulmonary tuber- 
culosis) 

^Pulmonarv tuberculosis. 
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b) When and where is man exposed to the greatest risk of a bovine 

primary infection? 

Under certain conditions an approximate idea of the time at 
which a primary bovine infection takes place may be obtained by 
studying the occurrence of bovine tuberculosis in man at different 
ages. If most of the cases of this disease are found among children 
it is obvious that the primary infection takes place as a rule during 
the first years of life. On the other hand, it is a more difficult 
matter to determine when the primary infection took place if the 
affection is found in adults — unless one has to do with primary 
tuberculous changes. If no guidance is obtained from the patient’s 
past history, or if no radiological or other evidence of an earlier 
primary 7 tuberculous infection can be found, it is simply impossible 
to determine whether the changes are the result of a fresh or of 
an old primary infection. 

In 1928 B. Moli.ers (77) published a list of all cases of bovine 
tuberculosis in man so far recorded and verified by isolating and 
typing the bacilli. The number of cases amounted to 258, of which 
209 were children (13-1 between the ages 0 — 4 years, 75 between the 
ages 5 — 15 y'cars). The remaining cases were adults. Since then 
other investigations have disclosed a very large number of new 
cases of bovine tuberculosis, particularly of the extrapulmonary 
type. In 1937 Gervois (31) gave the total number of cases at 
1912, of which 402 were adults, the others children in the ages of 
0 — 15 years. From these two classifications it can be gathered 
that the risk of acquiring a primary 7 bovine infection is especially 
great in childhood, which is indeed quite natural, as children as 
a rule consume large quantities of milk regularly. Griffith (43) 
wrote in 193S that in England the incidence of bovine infections 
is highest in children under 5 y r ears of age. In cervical gland cases, 
it exceeds 90 %, and in other forms ranges from 28 to 58 %. Also 
in Scotland the highest incidence of bovine infections is in children 
under 5 years of age. In primary abdominal tuberculosis the per- 
centages for the two countries are about the same, namely 80 
and 82 %. Thus primary abdominal tuberculosis is, as a rule, caused 
by bovine bacilli, but as pointed out on several occasions by A. Pet- 
tersson (86 — 88), this form of the disease may 7 also be produced by 
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the human bacillus. In fact primary abdominal infections clue to 
the human bacillus are more common than is generally supposed. 
In 1933, in a classification of 139 cases of primary intestinal tuber- 
culosis, partly his own cases and partly cases recorded in the lite- 
rature, Pettersson was able to show that 56.1 % were due to the 
bovine tubercle bacillus and 43.9 % to the human type. Of the 
bovine cases, 51 were found in the ages of 0 — 5 years, 21 in the 
ages of 6 — 15 years and only 6 above 15 years of age. 

The risk of acquiring a bovine infection is greater in the country 
than in towns. Jensen, Lester and Tolderlund (53) wrote quite 
recently that in Denmark in the towns the bovine infection occurs 
especially in children under 15 years; in the rural population, on the 
other hand, where the bovine infection is particularly frequent, 
it occurs fairly often in adults. The cause of this is that while towns- 
people are infected only by ingesting milk, the country population 
is liable to direct contact infection from the cattle in addition to 
alimentary infection. This explanation seems to me to be very 
probable. People milking and tending cows, and others in constant 
contact with cattle, must inevitably run a greater risk of infection 
through direct contact than persons having other occupations. 
The same thing applies to the children of such families, owing to the 
fact that they often play or assist in the work in the cow-stalls. 
But it should also be borne in mind that these families certainly 
consume tubcrclebacilli-containing milk more frequently and in 
larger quantities than persons belonging to other groups of the 
population. The danger of a primary bovine infection, on the other 
hand, is much less for the urban population supplied with only 
pasteurised or tuberculous-free milk. The urban population is 
therefore usually infected during a temporary stay in the country 
(holidays, etc.). 

Thus bovine tuberculosis in man is essentially a rural problem. 
'I'lie correctness of this view is also evident from the present invest- 
igation. At the end of 1938 the population of the Province of 
Skane amounted to 773,363 persons, 326,338 living in the towns 
and 447,025 in the country. In spite of the relatively high figure 
for the urban population only 14 cases of bovine tuberculosis were 
found among towns-pcople, several of whom were almost certainly 
primarily infected during an earlier stay in the country. The majo- 



174 


nty of the tuberculous cases, 53 out of .67, were persons living in 
rural districts. But even in the country the risk of infection varies. 
Occupation plays an important role. Thus not less than 43 of the 
67 cases had occupations involving an intimate contact with cattle 
(veterinarians, butchers, farmers, tenant-farmers, cowmen, farm- 
servants, farm-labourers, etc. and their wives or children). 

The time at which the primary infection took place could be 
determined exactly in 9 cases (Group 2, Table 6), on account of 
the appearance of changes characteristic of primary tuberculosis. 
Five of these cases were children aged 5, 7, 7, 10 and 14 respectively. 

In the remaining 4 cases primary infection did not take place until 
adult age (16, 23, 29 and 30 years of age respectively). In cases 
15, 39 and 49, too, the primary infection occurred in adults. Case 
15 had erythema nodosum, tuberculous primary complex and 
incipient pulm. tbc at the age of 39, exudative pleurisy 2 years 
later, while Case 39 had erythema nodosum at the age of 16 and renal 
and pulmonary tuberculosis 2 years later. Case 49 had erythema 
nodosum at the age of 20 and cavernous phthisis 4 years later. 
Primary bovine infection in adult age is obviously not rare. The . 
onset of the primary infection can also be estimated roughly when 
bovine tuberculosis of secondary or tertiary type is diagnosed 
in children. In Cases 11 — 13, 16 — 20, 23 — 25 and 27, altogether 
12 cases, bovine tuberculosis occurred in children under 7 years 
of age. There is therefore no doubt that these children were pri- 
marily infected at a very early age. The same thing is true of 
Case 1, who gave a positive tuberculin reaction already at the 
age of 4 years and of Cases 47, 51 and 52, who were only 17. 12 
and 18 years respectively and showed — in addition to pulmonary 
tuberculosis — calcified rests of an old tuberculosis either in the 
lungs and hilar regions or in the abdomen. 

To sum up, it may thus be said that primary infection generally 
takes place in childhood. In some cases, however, it does not occur until 
adult age. There is reason to believe that adult infection is even rather 
common. Country people are infected to a greater extent than the urban 
population. Persons whose occupations bring them into close contact 
with cattle — milkmaids, cattle-tenders, veterinarians, etc. as 
well as their families, particularly the children, are exposed to the 
greatest risk of infection. Bovine tuberculosis in man is therefore 
essentially a rural problem. 
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c) What is ihc clinical picture of bovine primary tuberculosis in man? 

In earlier works on bovine tuberculosis in man relatively little 
interest was devoted to the clinical picture of primary tuberculosis. 
Further, in the description of the cases no differentiation was made 
generally between primary, secondary and tertiary changes, and as 
far as I have been able to find no reproductions illustrating the 
appearance of the different stages of pulmonary tuberculosis were 
furnished. 

Medical literature is therefore not very rich in accounts of primary 
bovine infection. A certain amount of information can, however, 
be gathered from descriptions of bovine epidemics, where the 
source of infection was traced and the time at which the primary 
infection took place estimated as nearly as possible. A few such 
epidemics have been observed recently in different places in Sweden. 
As they supplement my own observations in certain respects I shall 
give a brief account of them below. As already mentioned, small 
familial epidemics were also observed by us in the Province of 
Skane. In one of them 6 children of the same family were infected 
at the same time. All the children were ill for quite a long time. 
Three of these children had erythema nodosum and hilar adenitis, 
one had erythema nodosum, pulmonary tuberculosis and hilar aden- 
itis (a primary complex). Bovine tubercle bacilli, however, were 
demonstrated in only 3 of them (Cases 2 — 4). The source of in- 
fection was tuberculous cows belonging to the farm. In another 
epidemic 4 children of the same family were taken ill. One of them 
had erythema nodosum, 2 had erythema nodosum with pulmonary 
tuberculosis and hilar adenitis (a primary complex), while the fourth 
had tuberculosis of the abdominal lymph nodes. Bovine tubercle 
bacilli were shown in one of the children (Case 5). The source of 
infection here, too, was found among the cows on the farm. 

A more extensive epidemic of bovine tuberculosis is reported by 
To n NELL (126, 127). It took place in a small holiday camp for 13 
children from the city of Gothenburg. On arrival at the camp the 
children were tuberculin negative, but after some time they became 
ill and gave a positive reaction to the test. Some of them had 
erythema nodosum, others developed intestinal trouble. No source 
of infection could be detected among the staff. A further investi- 
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gallon, however, revealed that the children had been given milk 
from a cow affected with tuberculosis of the udder. This milk was 
found to contain bovine tubercle bacilli. — Another outbreak 
occurred at a factory in the neighbourhood of the town of Boras, 
where 13 girls had erythema nodosum. The cutaneous changes had 
been preceded by moderate throat trouble. Some of the patients 
later showed a protracted enlargement of the lymph nodes at the 
mandibular angles. The tuberculin reaction was positive and the 
rate of sedimentation increased. The radiogram of the lungs 
was in general normal. One of the girls, however, showed a moder- 
ate enlargement of the hilar glands, and another two small in- 
filtrations in the lung. Later the last-mentioned patient developed 
exudative pleurisy. The source of infection could not be discovered 
in the factory, where the patients had been occupied in different 
balls. All bad, however, consumed milk supplied from the same 
dairy. This milk was found to contain bovine tubercle bacilli. 
Fogstraxd (26) has reported an extensive epidemic in the Province 
of farmland, in which some 40 persons, chiefly children and 
young people, became ill at the same time with symptoms of 
tuberculosis of the cervical lymph nodes. At least half of them 
had erythema nodosum, several developed pldyctena and two 
had peritoneal tuberculosis. All the infected persons had consumed 
milk from a cow affected with tuberculosis of the udder. A radio- 
logical examination of the lungs was made in the majority of the 
cases, but no, or only slight, changes were discernible in the hilar 
lymph nodes. Gardell (29) observed another epidemic in farm- 
land among working-class families at a paper mill. Not less than 44- 
persons were affected, 20 of whom had erythema nodosum alone, 
10 tuberculosis of the cervical lymph nodes alone, 9 erythema 
nodosum and tuberculosis of the cervical lymph nodes, 1 erythema 
nodosum and plilyctcna, 1 tuberculosis of the mesenterial nodes 
and pldyctena, 1 tuberculosis of the cervical and mesenterial lymph 
nodes and pldyctena, 1 tuberculous peritonitis and ileus, and 1 
only fever. The source of infection was a cow with extensive 
tuberculosis of the udder. The milk bad been supplied by the farm 
in an unpasleurised condition to the working-class population at 
the mill. 

Although examination failed to reveal bovine tubercle bacilli 
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in the infected individuals in any of these outbreaks, there cannot 
lie any doubt as to the correctness of the diagnosis. In 1936 a very 
severe outbreak was observed by Stahl (121) in the village of 
Horred. The source of infection was a cow affected with tuber- 
culosis of the udder. .Bovine tubercle bacilli were found not only 
in the milk but also in the gastric lavage from one of the patients. 
Not less than 50 persons were infected, 25 of whom developed 
morbid symptoms. Three of the latter had hilar lymphoma (one 
of them also erythema nodosum), 3 had tuberculosis of the mesen- 
terial lymph nodes, 2 erythema nodosum only, 2 erythema nodosum 
and cervical lymphoma, 10 cervical lymphoma only, 2 phlyctena 
and 3 an increased rate of sedimentation (without local symptoms). 
A similar outbreak was observed by Kaijseh (55) in the Province 
of Yarmland. Several persons in the same neighbourhood became 
ill with fever and hard, painless swellings up to the size of walnuts 
at the mandibular angles. Some of the infected individuals showed 
changes only on one side of the neck, the tonsil on the affected 
side being frequently observed to be more swollen and reddened 
than that on the opposite side. In the majority of the cases the 
radiography of the lungs showed normal conditions; the patients’ 
general condition was not affected although they had a rather high 
fever for some days. A detailed report was given of 15 cases with 
tuberculosis of t lie cervical lymph nodes, of which not less than 8 
also had had erythema nodosum. Bovine tubercle bacilli were 
found in the gastric lavage from two of the patients. Another 
epidemic, occurring in the Province of Varmland, has been observed 
and described by Oi.sson (79). The source of infection was tuber- 
culous cows, from which bacillus-containing milk had been sold. 
The affection was diagnosed in July 1937; within a week not less 
than 21 cases of tuberculosis of the lymph nodes and erythema 
nodosum being found in children, between the ages of 2 % and 
18 years, living in two villages with a population of altogether 
2,000 inhabitants. The symptoms were fatigue, listlessness, fever, 
occasionally sore throat, vomitings and indefinite abdominal 
trouble. Two of the cases had headache and sliff-neck. Some days 
after the onset of the illness hard and painless lymph nodes, varying 
in size from a hazel-nut to a lien’s egg, appeared on the neck. 
Erythema nodosum occurred in 8 cases either alone or in association 
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will! tuberculosis of llie cervical lymph nodes. In 3 of the children 
the radiogram showed suspected parenchymal changes, 9 children 
had somewhat enlarged or condensed hilar regions or enlarged 
lyinphomatous shadows. Subsequent investigation revealed not 
less than 58 cases manifesting signs of fresh, tuberculous infection. 
Of these, 21 required sanatorium care. One of Die children later on 
developed exudative pleurisy. Bovine tubercle bacilli were found 
in 2 of the children. Gnosspeuus (32) has reported a similar epi- 
demic, which took place in Gothenburg, where 136 persons be- 
longing to 33 families had consumed unpasteurised milk. Of 100 
persons tested 98 gave a positive tuberculin reaction. Of these 
not less than 23 must be regarded as having certainly been infected 
by the milk. Two had erythema nodosum, 7 tuberculous cervical 
nodes. Bovine tubercle bacilli were demonstrated in two cases. 
The. same milk had been supplied to a summer-home for 42 children, 
of whom at least 17 were infected. Of these 17 infected children 
4 had erythema nodosum and 7 tuberculous cervical nodes. 

Epidemics of bovine tuberculosis in man are therefore by no 
means rare, and they should in future be studied very carefully so 
as to increase our knowledge of primary bovine tuberculosis. 
Valuable, information about the symptoms and clinical features of 
Ibis disease, however, may also be obtained by studying cases 
that do not occur epidemically. Thus Jensen (53), in collaboration 
with Bi.egvad, for instance, has described 15 cases of primary 
conjunctival tuberculosis caused by the bovine type of bacillus. 
This form of I lie disease is characterised by conjunctival tuber- 
culosis of the eye and enlargement of the. pre-auricular lymph 
glands on the same side. 

The clinical picture of bovine primary tuberculosis in our mate- 
rial was the following: When the primary lesion was situated in Ihc 
abdomen, other tuberculous manifestations often occurred at the 
same time, and their symptoms then dominated the picture of the 
disease. Thus, for instance, in Cases 11 and 12 miliary tuberculosis 
and tuberculous meningitis occurred also, in Case 13 tuberculous 
meningitis, and in Cases 16 and 17 tuberculous peritonitis. 1 he symp- 
toms and the clinical picture were the same as in the corresponding 
disease of human origin. In primary ionsillar tuberculosis (Cases 20 
and 23) the Lonsils were hypertrophied and tuberculously changed. 
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The lymph nodes on the same side of the neck were also greatly 
enlarged. All patients affected with primary tuberculosis of the 
lung and hilar region (Cases 2—10 and 15) felt ill. They very 
often complained of cough, fatigue and fever, coccasionally of 
stitches and stabbing pains in the chest. A few of the cases had 
also intestinal disorder of very short duration. The rate of sedimen- 
tation was almost regularly greatly increased. In 8 of the 10 cases 
changes in the lung and in the hilar region on the same side (a 
primary complex) were observed at the same time. Two of these 
cases showed also radiological signs of atelectasis. In the remaining 
2 cases only hilar adenitis occurred. 

To sum up it may thus be said that as a rule primary bovine 
tuberculosis, like the human type, manifests symptoms of disease, 
which vary however to a certain extent accoiding to the loca- 
tion. If the first tuberculous changes are found in the abdomen, 
the usual symptoms are pain in the abdomen, nausea, vomiting 
and loose stools. If meningitis, miliary tuberculosis, peritonitis, 
etc. develops, however, the symptomatic picture is dominated 
by these affections. If the primary tuberculosis is localised in the 
throat, the symptoms will be throat disorder and enlargement of 
the cervical lymph nodes. In primary conjunctival tuberculosis 
ocular symptoms and enlargement of the pre-auricular lymph 
nodes arc observed, while in a pulmonary localisation cough and 
stitch in the chest may occur. Common features in all these forms 
of primary tuberculosis, however, are a more or less marked effect 
on the general condition, fatigue and an increased rate of sedimen- 
tation. Erythema nodosum is a very common occurrence, and 
must therefore be regarded as a very important symptom also 
in primary bovine tuberculosis. There is obviously no essential 
difference between primary bovine and human tuberculosis either 
as regards symptoms or the clinical picture otherwise. 


d) How long is the interval between bovine primary tuberculosis and 
the appearance of secondary and . tertiary tuberculous changes? 


As in human tuberculosis, it is of exceedingly great interest to 
ascertain the interval between the manifestation of the primary 
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bovine tuberculosis (primary lesion) and the appearance of secon- 
dary and tertiary tuberculous changes in man. If the primary 
changes arc fresh, it is a rather easy matter to determine this 
interval. It is much more difficult, however, if only old residues 
of the primary lesion remain, for in such a case it is impossible to 
know for certain whether these rests (calcified primary lesion, 
calcified lymph nodes in the hilum or in the abdomen, etc.) like 
the present changes arc really due to bovine bacilli. There is 
a possibility that these rests were caused by human tubercle 
bacilli, but that the primary infection had healed, thereby 
enabling the bovine bacilli to produce changes. Such an expla- 
nation, however, must be regarded as rather unlikely, at any rate 
it must be a rare occurrence. Besides, there is no reason to suppose 
that a primary bovine infection in man heals more readily than 
that caused by the human type of bacillus. We can therefore feel 
rather sure that the rests of an earlier tuberculosis met with so 
very often in the bovine cases, especially when they are localised 
to the abdominal nodes, are as a rule due to bovine bacilli. But 
the age of such residues of a primary tuberculosis is difficult, 
indeed impossible, to determine, and consequently in such cases 
the interval can be estimated only approximately. 

We shall now see what information is afforded by my cases 
on this point. Only 21 of them can be used for this purpose. In 
addition to secondary or tertiary tuberculous changes all of them 
show either an existing primary tuberculosis or rests of such an 
affection, thus enabling me to determine the interval with a certain 
degree of accuracy. 

In 10 of the 21 cases the interval between the primary infection 
and the secondary or tertiary tuberculosis varied from some weeks 
up to 2 years. Of these cases 2 (Cases 11 and 12) developed miliary 
tuberculosis and meningitis almost immediately after the primaiy 
abdominal tuberculosis. The same thing applies to one case of 
meningitis (Case 13) and 2 cases of peritonitis (Cases 16 and 17). 
In one case of bone tuberculosis (Case 27) there also occurred serious 
abdominal symptoms indicating a relatively fresh alimentary 
tuberculous infection, from which the osseous changes developed 
by liaematogenous metastasis. All these cases were children, 2 
of whom were 6 years of age, the others being between 7 months 
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and 2 years old. The interval was somewhat longer in Case 7 (14 
years of age), who had a tuberculoma, and in Case 4 (aged 10 years), 
who developed secondary pulmonary tuberculosis, the tuberculoma 
and the pulmonary lesions appearing about a year after the primary 
bovine changes in the lung and hilar region respectively. In Case 
15 (aged II years) an exudative pleurisy occurred 17 months after 
the manifestation of erythema nodosum and a primary complex 
in the lung and hilar region. In Case 10 (aged 30), however, the 
primary complex was particularly malignant. In this case the 
lung lesion progressed after the lapse of a very short interval. 
New changes appeared in the lungs, causing the patient’s death 
already 13 months after the detection of the primary tuber- 
culosis. 

In the remaining 11 cases the interval must have been very 
long, assuming that the calcifications demonstrable at the same 
time as the fresh changes were of bovine origin. Of these 11 cases, 
10 were adults, the remaining case being a child aged 12. It is 
worthy of note that 2 of them were 62 and 68 years of age respect- 
ively. Thus in some of these cases the primary changes may have 
been several decades old. Nothing more definite can be said on 
the matter. Calcified lymph nodes were found in the abdomen 
in 2 cases of renal tuberculosis (Cases 35 and 36) and in 4 cases of 
pulmonary tuberculosis (Cases 52, 53, 55 and 67.) On the other 
hand, a calcified primary complex in the lung, or calcifications in 
the lung or in the hilar region occurred in 2 cases of renal tubercu- 
losis (Cases 3 1 and 38), in 1 case of bone tuberculosis with abscess 
(Case 28) and in 2 cases of pulmonary tuberculosis (Cases 47 and 
51). 

There can hardly be any room for doubt that bovine tubercle 
bacilli — in exactly the same manner as the human type — can 
produce secondary or tertiary changes in man either immediately or 
shortly after the primary infection or later on in life. The latent period 
of bovine tuberculosis . that is, the period between the probable original 
infection and the appearance of different forms of sccondarp and lerlianj 
tuberculosis , may therefore vary from a few weeks up to several 
decades. 



tj Wild l is the clinical piclurc of secondary and tertiary tuberculosis 
(of bovine origin) in man ? 

As far back as 1911 it was conclusive!}' shown by the British 
1 loyal Commission on Tuberculosis that bovine bacilli were able to 
cause all the chief forms of human tuberculosis, including tuber- 
culous meningitis and ulcerative pulmonary tuberculosis. Bovine 
pulmonary tuberculosis, however, was considered to be very rare. 
Thus, according to Griffith (39), up to 1930 no case of phthisis 
pulmonalis definitely attributable to infection with bovine tubercle 
bacilli had been discovered in foreign countries, though sputum 
examinations in 926 phthisical cases had been reported. On the 
oilier hand, in England 3 (or 1 per cent) out of a total of 327 
phthisical persons had been found to be expectorating bovine 
tubercle bacilli. For Scotland the figure was higher, where the 
bacilli had been typed in altogether 468 phthisics. Of these not 
less than 18 (about 4 per cent) had bovine tubercle bacilli in the 
sputum. Since then more and more cases of bovine pulmonary 
tuberculosis have been reported, but up to 1937 the total number 
of bovine phthisical cases in Great Britain amounted to only 194. 
Subsequent investigations, especially in Denmark, have however 
disclosed a surprisingly large number of such cases. In the southern- 
most part of Sweden (in the Province of Skane), too, this form of 
disease is by no means rare, as appears from the present investigation. 

The different forms of bovine tuberculosis in man agree well with 
those we are accustomed to see after infections with human tubercle 
bacilli. Griffith (41) writes: »It is clear that the bovine tubercle 
bacillus can produce all the different forms of clinical tuberculosis and 
can set up tuberculous lesions in every organ and gland indistinguis- 
hable from those caused by the common human tubercle bacillus». 
This view is shared by a great many investigators (see Gervois), 
and corresponds well with the observations made in this work. 

As appears from Table 6 (p. 128), a great many different tuber- 
culous manifestations could be shown in the examination of tuber- 
culous persons in Skane. In no case was it possible to show any 
definite divergency from corresponding changes attributable to 
human bacilli. I have already been able to show the good agree- 
ment between the clinical picture of primary bovine tuberculosis 
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and that of human origin. But also secondary or tertiary tuber- 
culosis does not present any distinguishable feature from human 
tuberculosis of the corresponding type. As is evident from the 
large number of reproductions inserted, it is of very great interest 
to note that the radiological picture of bovine pulmonary tuber- 
culosis is exactly the same as that of pulmonary tuberculosis of 
human origin. The malignancy of the phthisical cases, however, 
is especially noteworthy. Thus not less than 19 of the 28 cases of 
bovine phthisis were predominantly exudative, two of them (Figs. 
21 and 23) showed even gross pneumonic changes. Cavities were 
found at the lime of diagnosis in 20 of the cases. Only 12 1 of the 
28 cases arc still alive, the others died, in spite of all therapy, as a 
rule in the first or second year after the disease had been diagnosed. 
Bovine pulmonary tuberculosis is therefore no less malignant than 
human phthisis. Nor was the prognosis of the other forms of 
tuberculosis — as may be seen from the clinical analysis — more 
favourable than that of corresponding forms of tuberculosis due 
to the human tubercle bacillus. 

Thus sccn-dary and tertiary tuberculosis of bovine origin in man 
agrees completely in Us clinical picture with the human type. 

/) How is bovine tuberculosis diagnosed? 

Since bovine tuberculosis in man does not differ in any of ils 
forms from human tuberculosis, being on the contrary indistin- 
guishable from the latter in its appearance, development and course, 
it is impossible to base the diagnosis on the clinical picture. Nor 
is any aid obtained in this respect from tuberculin tests. Kaijser 
(55) reports that he obtained a somewhat stronger reaction with 
bovine tuberculin than with human in patients affected with bovine 
tuberculosis, but the material was so small that he did not draw any 
definite conclusions from the result. Me is of opinion, however, that 
tuberculin tests may have a certain significance in cases of fresh 
tuberculous infection. On the other hand, Zieler (134), working 
with a larger material, came to the conclusion that testing with 
different tuberculins is an entirely valueless method. »Nur durch 

1 At the time of printing 2 more eases. Cases I I and -15 lmvc died from their 
tuberculous disease. 
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Prufung mit Kultur- und Tierversucli kann festgestellt werden, 
ob eine Hauttuberkulose des Menschen durch den Typus humanus 
Oder den Typus bovinus hervorgerufen ist». Daddi (20) also states 
that lie did not find any significant difference in tests with different 
tuberculin. 

A few isolated tuberculin tests were also carried out in my 
investigation for the purpose of ascertaining whether there was any 
difference in the reaction between human and bovine tuberculin 
in patients affected with bovine tuberculosis. The tuberculin tests 
were made by the cutaneous method of Von Pirquet. Two tests 
were performed in all experiments. It goes without saying that 
both the human and the bovine tuberculin were of the same 
strength. Tests were made on 7 cases of fresh bovine tuberculosis. 
Of these cases, 2 (Cases 2 and S) had erythema nodosum and a 
primary complex in the lung and hilar region, 2 (Cases 3 and 4) 
had erythema nodosum and hilar adenitis, 1 (Case 39) had renal 
tuberculosis and phthisis (primary infection about 2 years 
previously), while the remaining 2 cases, denoted by a and b in 
the table (brother and sister of Case 2), had a fresh tuberculous 
infection. Examination, however, failed to reveal bovine tubercle 
bacilli in the two last-mentioned cases and they have therefore been 
omitted fromt the present series (see Case 2 in Case Histories). 
Finally, a tuberculin test was also made in one case (Case 45) of 
bovine pulmonary tuberculosis, in which the primary infection had 
taken place at some time unknown in the past. The result of the 
tests is shown in the following table. 

As appears from the Table 11, the difference in the mode of 
reaction even in these cases — although most of them were fresh 
— was not great enough to warrant the use of the tuberculin test 
in the differential diagnosis between human and bovine tuberculosis. 
Some of the bovine cases were even more sensitive to human than 
to bovine tuberculin. 

The only reliable method at present (or distinguishing between 
bovine and human tuberculosis is by typing the tubercle bacilli, i. e. by 
cultural methods and animal experiments. That being so, it is of the 
greatest importance that typing of the bacilli is also performed as 
often as necessary. In localities where tuberculosis of cattle is rare 
this method need only be applied in exceptional cases. Ontheothei 
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Tabic 11. 


Case No. 

Human 

tuberculin 

Bovine tuberculin 

Redness mm. 

Papule nun. 

Redness nun. 

Papule nun. 

2 

1 f> X 1 5 

8x8 

1-lxll 

7x7 


15xM 

7x8 

13xU 

0x7 

a 

11 X 12 

(i x 0 

1-lxll 

S x 8 


1 7 x m 

10x11 

11 X 13 

7x7 

i 

22 x Hi 

1 1 X o 

11 X 12 

7x8 


25 x 25 

ox 10 

10x8 

8 x 0 

s 

Hi x 1 5 

Ox 10 

12x10 

0 x 7 


10x10 

8x7 

12xH) 

8 x S 

oil 

25 x 25 

15 X 15 

20 x 25 

12 X 10 


20 x 20 

12 X 15 

18 x IS 

10 xS 

a 

1 5 x 1 5 

1 0 x 8 

1-1x13 

11X10 


20 x 20 

15 X 10 

12 x 15 

8 x S 

i. 

20x20 

10x8 

KiX 15 

11x8 


25 x 20 

10 X 10 

<5 X 7 

5 X -1 

15 

10x12 

8x8 

12x1-1 

8 X 10 


10 x 10 

8 x 0 

12 X 12 

ldxio [ 


hand, if tuberculosis of entile is wide-spread, the bacilli should be 
typed in all cases of tuberculosis in man. In that way the nature 
of the disease can be clarified, it is not less important, however, 
that information is obtained which may lead to the elimination of 
the source, of infection. Typing is therefore a very important 
measure in the fight against tuberculosis. 












4. Summary. 


A report is given of 67 cases of bovine tuberculosis in man, 
observed in the southernmost part of Sweden (the Province of 
Skane) during the years 1936—1939. During the recording and 
collation of the data a further 27 cases were diagnosed, therefore 
the total number of known bovine cases in Skane at present amounts 
to 94. Most of these tuberculous cases and all the pulmonary tuber- 
culous cases were met with in the County of Malmohus. The 
number oj cases oj primary, secondary and tertiary pulmonary 
tuberculosis oj bovine origin amounted to not less than 42, corres- 
ponding to a lilllc more than 3 per cent oj the typed specimens from 
patients with pulmonary tuberculosis. While the work was being 
collocated a further 11 cases were detected. Thus altogether 53 cases 
oj pulmonary tuberculosis in man have been discovered in the Province 
oj Skane (v. Pag. 152). 

Of the 67 cases 33 were males and 34 females. The material 
contains only a small number of children, otherwise the figure for 
the bovine cases would have been much higher. The reason for 
this is that the main purpose of the investigation was to ascertain 
the incidence of pulmonary bovine tuberculosis in Skane. The 
t} r ping of the bacilli was therefore as complete as possible only in so 
far as pulmonary tuberculosis is concerned. The bacilli were also 
typed in other forms of tuberculosis, but not to so great an extent. 
Thus, of the 67 cases recorded only 8 belonged to the age-group 
0 — 4 years and 11 to the age-group 5 — 14 years. Ihe other 48 
cases are distributed rather evenly among the age-groups up to 
42 years, becoming fewer in the following age-groups. In 3 of the 
coses bovine tuberculosis was diagnosed as late as 62-.- 68 years 
of age. 

Only 14 of the 67 cases were found in persons living in towns, 
and of these 14 several had acquired their bovine infection during 
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an earlier stay in Uic"country. The remaining 53' cases" occurred 
among the rural population. As the population of Skanc at the end 
of 1938 amounted to 773,363 persons, 326,338 living in towns and 
447,025 in rural districts, it is evident that the rural population is 
exposed to a greater risk of infection. Persons, whose occupations 
bring them into a more regular and direct contact with cattle 
(veterinarians, butchers, farmers, tenant-farmers, cowmen, farm- 
servants, farm-labourers, and their wives and children), run a 
great risk of being infected. Not less than 43 of the 67 cases 
belonged to this category. 

The bovine source of infection could be shown in 15 cases. In 
the majority of these cases the tuberculous changes were fresh, and 
therefore no great difficulties were encountered in tracing the source 
of infection. On the other hand, this failed, with but few excep- 
tions, in those cases in which infection had taken place some time 
in the past. 

In 32 of the 67 cases other members of the family had previously 
manifested or were still manifesting signs of tuberculosis, which 
in some cases was of bovine origin, in others of human origin. 

The tuberculous cases have been divided, according to the nature 
and location of the changes, into 10 groups (v. Table 6, p. 128), 
which arc discussed in detail. Group 1 contains 1 case without 
any demonstrable changes but with bovine tubercle bacilli in the 
gastric lavage, while Group 2 comprises 9 cases showing hilar or 
pulmonary changes, or both, occurring simultaneously with or 
shortly after the primary tuberculous infection. Thus, infection 
in the latter cases was caused by the inhalation of tubercle bacilli. 
As the result of the primary infection 4 of these cases had erythema 
nodosum and a primary complex, 2 had erythema nodosum 
and hilar adenitis and 3 a primary complex (without erythema 
nodosum). Three of these patients were children of the same 
family. Bovine tubercle bacilli were found once in the sputum, 
4 times in both sputum and gastric lavage, 3 times only in the 
gastric lavage and once in the pleural fluid and the lung tissue 
(at necropsy). In 6 cases the source of infection was tuberculous 
cows, in 1 case an elder sister affected with bovine phthisis, and in 
1 case tuberculous material at a veterinary laboratory. In the 
remaining case the source of infection could not be discovered. 
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The appearance of the primary bovine changes is illustrated by 
Figs. 1—9. One of the cases subsequently developed secondary 
pulmonary tuberculosis with bovine tubercle bacilli in the sputum. 
Two of the patients died about a year after the primary infection, 
one from a bovine tuberculoma of the cerebellum, the other from 
a haematogenous dissemination to other parts of the body. Group 3 
comprises 2 cases of miliary tuberculosis and tuberculous meningitis. 
Group 4 contains 1 case of tuberculous meningitis. All were children 
and they all died after a short period of illness. In one case the 
source of infection was tuberculous cows, but inspection failed to 
reveal the source of infection in the other two cases. Tubercle 
bacilli were found in the cerebrospinal fluid. Group 5 includes 2 
cases of exudative pleurisy, both adults. Tubercle bacilli occurred 
in the pleural exudate. In one case the source of infection was 
tuberculous cows, in the other it could not be discovered. Group 6 
is comprised of 2 cases of tuberculous peritonitis. Both were 
children, who died shortly after the onset of the disease. Bovine 
tubercle bacilli were found in the mesenterial lymph nodes (at 
necropsy). The source of infection in both cases was tuberculous 
cows. Group 7 consists of 7 cases of tuberculosis of the cervical 
lymph nodes, two of whom had at the same time tuberculous 
changes in the tonsils. In one of these cases there also occurred 
hilar adenitis and a transient pulmonary infiltration as well as 
phlyctena. Five of the cases were children, the other two were 
young adults aged 17 and 21 respectively. One of the patients died 
from miliary dissemination to other parts of the body about 10 
months after the detection of the disease. In one case the source of 
infection was tuberculous cows; in the other cases the origin of 
the infection could not be discovered. Bovine tubercle bacilli 
were found in the lymph nodes in 3 cases, in the tonsils in 2 cases 
and in the gastric lavage in 2 cases. Group 8 is comprised of 5 cases 
of bone tuberculosis, 2 being children, the others adults aged 20, 
29 and 62 respectively. In these cases the source of infection was 
not discovered. In 4 cases bovine tubercle bacilli were found in 
the abscess punctate and in one case in the punctate from the knee- 
joint. One of the patients died about 4 months after the disease 
had been diagnosed. Group 9 contains not less than 10 cases of 
urogenital tuberculosis, all adults. The tuberculous changes had 
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the following locations: right epididymis (1 case), kidney and bursa 
tuberositas tibiae (1 case), kidneys (8 cases). One of the last-mentio- 
ned cases had also pulmonary tuberculosis. In 3 of the cases the right 
kidney was at first affected, in 4 cases the left kidney. In 2 cases 
tuberculous changes were found in both kidneys simultaneously. 
Up to the prescnL only one of the patients has died. The source 
of infection was not found in any of these cases. Bovine tubercle 
bacilli were shown in the urine in S cases, in pus from the pyonc- 
phrotic sac in 1 case. 

The greatest interest is of course attached to the cases of 
secondary and terliary pulmonary tuberculosis. Group 10 contains 
2S such cases, one being a girl, aged 12 years, the others adults. 
The source of infection, tuberculous cows, could be detected in 
only 2 of the cases. Bovine tubercle bacilli were cultivated from 
the sputum in 23 cases, from the sputum and lung tissue in 1 case, 
from the sputum and the pleural fluid in 1 case, from the sputum 
and the mesenterial lymph nodes in 1 case, and from the gastric 
lavage in 2 cases. The pulmonary changes were, when diagnosed, 
right-sided in 8 cases, left-sided in 8 cases, and bilateral in the 
remaining 12 cases. The extent of the changes in the lungs varied 
considerably. Thus in 13 cases the dissemination in the lungs 
was slight, in 9 cases rather extensive and in 6 cases very ex- 
tensive. Not less than 19 of the 28 cases were markedly exudative, 
2 of them having even gross pneumonic changes. In 20 of the 
cases cavities were present. Of the 2S cases onlij 12 1 arc still living, 
the others died, in spile of all therapeutic measures, as a rule 
in the first or second year after the disease had been diagnosed. 

The. tuberculous changes in the various groups did not differ in 
their appearance or course from those in corresponding forms of human 
origin. In view of the fact that not less than 26 1 of the 67 patients 
have already died it is obvious that bovine tuberculosis in man is 
a serious affection, which must be fought with all available means. 

The author then goes on to discuss certain important questions 
in the light of the observations made by other investigators. The 
conclusions drawn, some of which have already been mentioned, 
may be summarized as follows: 

1 At the time of printing 2 more cases (Cases -i-1 and 15) have died from 
their tuberculous disease. 
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1. Bovine tubercle bacilli as a rule enter the human body by 
the ingestion of milk or meat from tuberculous cattle. The primary 
changes are therefore most frequently met with in the abdomen 
(tuberculosis of the mesenterial lymph nodes) or in the lymph nodes 
of the neck (tonsils). Bovine. tubercle bacilli may, however, be 
introduced into the skin or the conjunctiva along with bacillus- 
containing dust, thus giving rise to tuberculosis of the skin or 
primary changes in the eye and pre-auricular lymph nodes on the 
same side. It should also be borne in mind that the jirsl changes 
may also occur in the lung and hilar regions by the inhalation of 
bovine tubercle bacilli. The surprisingly large number oj such cases 
in the present investigation goes to prove that this route of infection 
is much more common than was formerly supposed. Laboratory in- 
jection, too, has been observed. Further, bovine infection can be 
transmitted from man to man and from man to cattle. 

2. Primary bovine infection most frequently occurs during 
childhood. The rural population is more frequently infected with 
bovine tubercle bacilli than the urban population. Persons whose 
occupations bring them into more regular contact with cattle are 
especially exposed to the risk of infection. Bovine tuberculosis in 
man is therefore essentially a rural problem. 

3. Primary bovine tuberculosis as a rule produces morbid 
symptoms, somewhat variable according to the location of the 
changes. If the changes are localised to the abdomen, the usual 
symptoms arc pain, nausea, vomiting and loose stools, which are 
occasionally predominated, however, by symptoms of meningitis, 
miliary tuberculosis or peritonitis. In primary cervical tuberculosis, 
throat trouble and enlargement of the cervical lymph nodes are met 
with, in primary conjunctival tuberculosis, eye trouble and en- 
largement of the prc-auricular lymph nodes are the dominant 
symptoms, while in the pulmonary localisation of the first changes 
the symptoms are cough and stitch. In all these localisations the 
patient’s general condition is affected, there is lassitude, and the 
rate of sedimentation is increased. Erythema nodosum is also a 
very common symptom. Thus, primary bovine tuberculosis does 
not differ from the human type either as regards the symptoms or 
the clinical picture otherwise. (Figs, 1 — 9 and 41). 
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4. The latent period of bovine tuberculosis, that is to say, the 
period between the original infection and the appearance of dif- 
ferent forms of secondary or tertiary tuberculosis, varies from a 
few weeks up to several decades. 

5. Secondary and tertiary tuberculosis of bovine origin in man 
also show complete agreement with the corresponding forms due 
to the human type of bacilli (Figs. 10 — 37 and 40). 

6. As bovine tuberculosis in man does not occur in any form 
differing from human tuberculosis, in fact its entire appearance, 
development and course agree closely with the latter, the diagnosis 
cannot be made on the clinical picture. Nor can it be made by 
testing with different tuberculins (bovine or human). The only 
possibility of establishing the diagnosis is by typing the tubercle 
bacilli, and that should be the standard method in areas where 
tuberculosis of cattle is common. 

7. Since bovine tuberculosis in man has been proved to be a 
serious disease, it is imperative that the campaign against tuber- 
culosis in cattle is carried on with the greatest energy. The goal 
must be the extermination of tuberculosis in cattle. In Sweden 
we have advanced far on the road to this goal. According to the 
working plan drawn up tuberculosis in cattle will be fought with 
still more energy 7 and step by step the disease will be entirely 
eradicated. We are justified in believing that bovine tuberculosis 
in man will be gradually but inevitably stamped out in this country. 
For the present, however, our vigilance should not relax, on the 
contrary 7 , the present investigation has clearly 7 proved that it must 
be increased still further, especially 7 in those localities in which 
bovine tuberculosis is still common. A regulation should perhaps be 
laid down that all new cases of tuberculosis in man should be ty r ped. 
The technique of typing the bacilli presents no difficulty and 
therefore such an examination could be organised relatively easily 7 . 
In my opinion it is also to be desired that the existing regulations 
governing pasteurisation of the milk supplied to towns and com- 
munities where the Public Health Act is in force should be made 
to apply 7 also to rural districts, unless the milk originates from 
non-tubcrculous herds. A great step in the right direction would 
then be made if veterinarians and doctors cooperated more closely 7 
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in the fight against bovine infection. The regulation concerning 
the compulsory notification of detected cases of tuberculosis of 
the udder should be strictly observed, and all persons known 
to have consumed the milk of such infected cows should be sub- 
jected to examination at a dispensary. 


The investigation into the occurrence of bovine tuberculosis 
in man in Skane has been accomplished in close cooperation between 
doctors and veterinary surgeons. To my lot has fallen the task 
of giving an account of the clinical manifestations of bovine tuber- 
culosis in man, a task which I hereby consider that I have fulfilled. 
The reader will have, however, noticed that certain questions have 
been left unanswered in my work. One should have liked to know 
a little more about the technique and the results of the typing of 
the bacilli, of the incidence and distribution of bovine tuberculosis 
in Skane, of the measures already taken and those which should be 
introduced in future to combate this disease, which has been shown 
to be of such great importance to man. I have intentionally re- 
frained from touching upon these questions, as they belong to that 
part of the work which Lindau and Magnusson have to deal with. 
For the discussion on these matters the reader is therefore referred 
to their works, which will also be published in Acta medica scandi- 
navica. 
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Introduction. 

The investigations carried out under the auspices of the Swedish 
National Society Against Tuberculosis have now been completed as 
regards the incidence of bovine pulmonary tuberculosis among the 
population of the Province of Skane. When planning these invest- 
igations we had at first thought it possible, as already done in 
Denmark, to map out the cases and to show that a certain relat- 
ionship existed between the geographical distribution of the 
detected cases and the frequency of bovine tuberculosis within that 
area. It also became gradually evident that there was a topographical 
connexion between tuberculosis in man and in cattle in so far that 
the majority of cases of individuals infected by the bovine bacillus 
were found among the rural population occupied in tending cattle. 
A small number of cases was found in towns, but some of them 
had previously resided in the country. The greater part of the 
material consisted of persons above 15 years of age who had not 
lived all the time in the same district, and in these cases it was not 
possible to establish when and where they got their infection. In 
these latter cases no connexion could of course be established with 
extensive bovine tuberculosis in a certain district. 

The smaller part of the material comprises children whose place 
of residence was easy to control. The material was so small, how- 
ever, that it could not be shown that any particular area was more 
dangerous for human beings, as far as tuberculous infection is 
concerned, than another. Herds with numerous cases of open tuber- 
culosis are still spread practically all over the province, and the 
cases of bovine tuberculosis in children were shown to be due to the 
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ingestion of tubercle bacillus-infested milk or to contact in various 
ways with tuberculous animals on thefarms at which they were living. 

As the eradication of bovine tuberculosis is the most important 
prerequisite for the prevention of the spread of bovine infection to 
man, my report will in the first place be devoted to the incidence 
and the combating of bovine tuberculosis in all its different phases, 
especially in the Province of Skane. 

To illustrate the sources of infection I have included a history of 
those cases where the Medical Board considered that a veterinary in- 
spection should be made in the environment in which the patients 
had been found. Several illustrative examples will be given of cases 
in which both children and adults were exposed to massive infection. 

At the same time I have tried to show the various steps taken 
b} r the public authorities to diminish the risk of infection from 
tuberculous cattle to human beings, and I have endeavoured to call 
attention to the shortcomings still existing in this respect. 

In view of the fact that cases were known in which infection had 
been transmitted from tuberculous patients to tuberculosis-free 
herds, the proposed scheme had also included a special investigation 
as to the possibility of infection being transmitted by man in this 
way under natural conditions. There are two sides to this problem, 
however, owing to the fact that the virus may be one of two kinds, 
according as the human subjects have bovine or human tuberculosis. 
I have been in a position to give examples of both kinds. It is only 
recently that this point has been given due consideration, and it 
seems to be of great importance to veterinary surgeons and farmers 
in their efforts to keep their herds free from tuberculous infection. 
The present investigation shows that an intimate cooperation is 
necessary between veterinary surgeons- and doctors in order to pie- 
vent as far as possible their respective clientele from infecting each 
other with tuberculosis. 

The Incidence of and Campaign against Bovine Tubercu- 
losis in Sweden. 

Nothing certain is known as to when bovine tuberculosis first 
appeared in Sweden. There is every reason to believe that the prim- 
itive cattle of the country were free from tuberculosis, but vere 
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infected in the beginning of the 19th century by animals imported 
from abroad. Cattle were imported from Holland, Belgium, France 
and England by private persons and by the State for the purpose of 
improving the indigenous breeds. The State had established a 
number of stock-farms, some of which had to be discontinued owing 
to the extensive spread of tuberculosis among the animals. But by 
this time breeding animals had been placed among many previously 
non-infected herds. Improved means of communication facilitated 
the sale of livestock and animals could also be shipped to distant 
areas, thus resulting in the transference of virus-carriers. The rise 
of dairies, from which skim-milk and whey were returned to the 
cattle-owners for feeding purposes, also contributed to the rapid 
spread of tuberculosis, especially in areas with a large cattle popul- 
ation. It became evident that the disease was of a serious nature 
and was a grave menace to the entire cattle stock of the country. 

It should be noted that in the 80s and 90s the problem of the 
interaction between bovine and human tuberculosis came into 
prominence, and the danger of infection from animals to man was 
employed to bring about the first preventive measures against the 
spread of the disease. The problem was also discussed for the first 
time at a general meeting of the Swedish Medical Association at 
Norrkoping in 1887. A committee was appointed, which succeeded 
in bringing about, among other things, an orientating investigation 
as to the frequency of bovine tuberculosis in the country. This took 
place before tuberculin came into use and consequently only the 
occurrence of the more severe forms could be approximately estim- 
ated. 

Reports were received from about 60 veterinary surgeons in 
different parts of the country. The frequency of tuberculosis was 
estimated at about 5.5 per cent. The investigation comprised 
approximately 23,000 cows. It was pointed out that tuberculosis 
of cattle was most widespread in the Province of Skane, a part of 
Holland, Ostergotland and Sodermanland. 

In a paper in the »T)jurvannen», 1890, A. Bergstrand, Veter- 
inary Officer for the County of Ostergotland, stated that bovine 
tuberculosis was appallingly common and was becoming more 
and more wide-spread every year in the same degree as farmers 
pursued the policy of improving the blood and increasing the milk 
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yield by importing pedigree animals possessing eminent qualities» 
and by treating dairy cows more like machines than organisms 
with independent lives. Within a short time there were not many of 
the large farms that could claim to be entirely free from tuberculosis. 

When tuberculin testing began to be performed a few years 
later it very soon became evident that the disease was much more 
prevalent than the clinical examinations had shown, and that it was 
absolutely necessary that preventive measures should be intro- 
duced by the public authorities. 

The first steps were taken by the State in 1894, when funds were 
granted for the production of tuberculin, which was to be supplied to 
veterinary surgeons willing to participate in the work of eradicat- 
ing tuberculosis. A plan of organisation for the campaign was 
worked out and in 1897 a Veterinary Inspector was appointed to 
conduct the tuberculosis campaign under the direction of the Board 
of Agriculture. The uncontrolled import of tuberculous cattle was 
stopped in 189S by the introduction of quarantine regulations. 
These prescribed that all cattle imported from abroad must have 
passed the tuberculin test. 

The anti-tubcrulosis measures were entirely voluntary, with the 
exception of those relating to tuberculosis of the udder. According 
to an order issued in 1897 all animals affected with such a form of 
tuberculosis were to be immediately destroyed at the expense of the 
Slate. Otherwise the anti-tuberculosis compaign was organised on 
the same lines as in Denmark, i.e. according to Prof. B. Bang’s 
method. By the diagnostic use of tuberculin this method involves 
the segregation of the reactors and the herd is afterwards restocked 
with only tuberculosis-free animals. 

During the progress of the work it was found that tuberculosis 
was very wide-spread in many districts, especially those in which 
the cattle population was high and in which the most valuable 
breeding stocks were situated, the number of reactors in the large 
herds often being .as high as 100 per cent. Under such circum- 
stances the sacrifices were too great to enforce the carrying out of 
the necessary measures. The campaign against tuberculosis by 
the application of the Bang method was therefore pursued 
chiefly in those provinces in which the frequency of bovine tubei- 
culosis was low and among herds, the owners of which were finan- 
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dally well off, and where there was sufficient stall-space to isolate 
the animals. 

Even in 1932, i. e. after 35 years’ work, there were in the whole 
of Sweden not more than 5,999 herds comprising 159,802 animals 
subjected to tuberculin control. This was an exceedingly small part 
of the total number of cattle in the country, for in the County of 
Malmohus alone there were 20,000 herds consisting of approximate- 
ly 250,000 head of cattle. 

In the years 1898 — 1907 the average number of reactors in 
herds tuberculin tested for the first time amounted to 30.1 per cent 
for the entire country. The corresponding figures for the counties 
of Malmohus and Kristianstad were 57 per cent and 38.9 per cent 
respectively. During the period 1908 — 1932 the number of reactors 
in the whole of the country decreased to 20.8 per cent, in the County 
of Malmohus to 39.8 per cent and in the County of Kristianstad to 
34.9 per cent. Thus a slight improvement could be ascertained. 1 

In 1910 only 90 herds consisting of 6,901 cattle in Malmohus 
and 18 herds consisting of 679 cattle were tuberculin tested. Breed- 
ing animals purchased from the Province of Skane for areas up the 
country were not infrequently found to be severely affected with 
tuberculosis, and animals from the province began to fall into 
disrepute as being highly tuberculous. This led the Agricultural 
Society of the County of Malmohus to direct the campaign along 
another line. A method tested in Germany, the Ostertag method, 
was applied. This method involved the slaughter of animals affected 
with tuberculosis in an infectious form and rearing the young ani- 
mals isolated from the older ones. The object of this new injunc- 
tion was to endeavour gradually to build up an entirely non-reactive 
herd. The examinations were carried out by veterinary surgeons 
appointed for the purpose, and a special tuberculosis laboratory was 
established. A similar scheme w'-as adopted by the Agricultural 
Society of Ostcrgotland County in 1925. 

The endeavours to achieve freedom from tuberculosis by means 
of this new form of voluntary campaign did not, however, meet with 
much success. The method proved to be too expensive both for the 
Agricultural Societies and for the animal-owners. Whether they 
had non-reacting or clinically examined animals, the latter did not 

1 Rkgnku, *Han<llccln. etc., Uppsala#, 1935. 
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receive sufficient compensation for the sacrifices they made except 
in certain cases, as for instance, for rearing and selling breeding ani- 
mals or the production of children’s milk from non-reacting cows! 

Owing to the danger of foot-and-mouth disease an order was 
issued by the State in 1915 that all milk supplied in the counties of 
Malmohus and Kristianstad for feeding purposes should he pas- 
teurised, and this measure contributed to a good extent in prevent- 
ing the spread of bovine tuberculosis by dairy milk. The regul- 
ation was afterwards made to apply to the whole of central and south 
Sweden and was established by the Pasteurisation Act, 1925 and 
1936, the main purpose of which was now to prevent the spread of 
tuberculosis. 

‘ On account of the almost complete standstill in the campaign 
against tuberculosis, bills were repeated introduced into parliament 
and a few investigations were carried out by committees appointed 
by the State. These resulted in the exceedingly important and 
comprehensive Tuberculosis Act of 1934, which led to a complete 
reorganisation of the anti-tuberculosis work. According to this Act 
the State granted much larger subsidies than formerly to the anti- 
tuberculosis campaign amongst cattle. Finally, the most important 
ordinance of all came into force in 1937, i. e. the one prescribing 
that a certain additional price should be paid by the dairies for milk 
from herds belonging to the National Anti-tuberculosis Campaign. 

The retrogression, stagnation or progression of the anti-tuber- 
culosis campaign has always in the long run depended on economical 
factors. If the animal-owner receives compensation for his losses 
he is always prepared to cooperate to the fullest extent. That 
Sweden seems in recent years to be able to solve the tuberculosis 
problem so successfully — in a Report presented by the Royal 
Medical Board in 1940 if was shown that the number of non-react- 
ing animals at the beginning of 1940 amounted to 50 per cent of the 
total number of cattle in Sweden, while the corresponding figuie o 
years previously was only 20 per cent — is undoubtedly due to 
ample State grants and the use of the Central Price Regulating 
Fund in furthering tuberculosis work. This Fund is derived from 
the taxation of imported concentrated foodstuffs and of the mar- 
garine industry together with the higher price paid for milk foi 
consumption as compared with milk for production, i. e. milk used 
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foi the production of butter and cheese. Grants are made from this 
•Fund to tiic different dairies, but to qualify for such a grant an extra 
piice must be paid per litre to suppliers whose herds are under 
State tuberculosis control. 

In South Sweden the number of tuberculosis-free herds was 
gicatly increased owing to the fact that many animal-owners pur- 
chased non-reacting animals with the compensation they received 
foi the tuberculous ones slaughtered during the epizootics of foot- 
and-mouth disease. 

Another factor that has also contributed lately in improving 
the situation, as far as the anti-tuberculosis is conerned, is the 
increased knowledge of the danger of infecting human beings. 
From the 1st July, 1939, the. sale of milk for human food, other 
than pasteurised milk, unless it came from herds under State tuber- 
culosis control, was prohibited in towns or in rural districts to 
which the regulations of the Public Health Act applies. 

A technical improvement in the tuberculin tests has been 
employed for the past 10 years, and that has greatly facilitated the 
fight against tuberculosis. Formerly the so-called subcutaneous test 
was almost exclusively applied, the tuberculin being injected subcu- 
taneously in a dose varying between 15 and 50 eg in 10 % solution 
according to the size of the animal. The temperature was taken be- 
fore the injection and also on 6 different occasions at intervals of 2 
hours, beginning 8 hours after the injection. This was a tedious 
method, requiring the veterinary surgeon to be in attendance for 
nearly 24 hours. The test at present employed almost everywhere is 
the intiadermal test, 5 eg of tuberculin in 50 % solution being in- 
jected into the skin itself. The thickness of the skin at the site of 
injection is measured before and 72 hours after the injection. The 
method is at least as reliable as the subcutaneous test and the work 
can be accomplished in a much shorter time than that required for 
the latter test. Without this simplification and improvement of the 
method it would have been impossible to carry out the mass 
examinations with tuberculin made during the past 6 — 7 years by 
the small body of veterinary surgeons in Sweden. 

Preventive immunisation methods have also been tested. The 
most widely known is probably the Behring method. The vaccine 
used consists of human tubercle bacilli, which, as known, are not 
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pathogenic for cattle. This method was found to be dangerous in 
the case of milk cows, as the inoculum was excreted with the milk 
Moreover, the protection produced proved to be insufficient and 
therefore quite naturally the whole thing got no farther than the 
tests. 

Greater hopes and interest were aroused by Calmette's vaccine, 
which consisted of attenuated bovine bacilli. This vaccine was in- 
jected subcutaneously in a dose of 5 eg into new-born calves. 

A grant from the foundation »Therese & Johan Anderssons 
Minne» enabled Jundell and the author to carry out tests on 
a number of herds and on some calves specially purchased for the 
purpose. The method was found to be entirely harmless, and a 
considerably immunity could be induced in the animals. But com- 
plete efficiency could by no means be obtained. Massive infections 
broke down the immunity. The greatest disadvantage in practice 
was that the calves had to be fed on boiled or pasteurised milk 
during the first months after the vaccination, before the vaccine 
had taken effect,, and bad to be kept completely isolated. This 
became too expensive and difficult, and the calves did not do well 
on healed milk. This method, we presume, has now been abandoned 
not only in Sweden but also in other countries. 

The campaign against tuberculosis is at present being carried 
on by two different methods. 

One method, the Oslcrtag method, which aims at preparing the 
soil for a complete eradication of tuberculosis, is applied by the 
Agricultural Societies of the counties in which bovine tuberculosis 
is most common. By means of systematic, clinical examinations 
efforts are made In the first place to detect animals suffering from 
tuberculosis in an open form at as early a stage as possible and to 
slaughter the affected animals. These examinations are carried 
out by specially appointed veterinary surgeons at the laboratories ol 
the Agricultural Societies under the direction of the Royal Medical 
Board. Main attention is directed to pulmonary tuberculosis, 
which is the most common form of open tuberculosis, but careful 
search is also made for animals affected with tuberculosis of the 
uterus and of the udder. Animals found suffering from such open 
forms of tuberculosis arc immediately slaughtered at the expense of 
the State. Owing the expenses involved, examinations of the lungs 
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can be performed only once or twice yearly. On the other hand, a 
general sample is taken of the milk for examination from two to 
four times a year. 

To cover the cost of this Tuberculosis Control the State contri- 
butes the same amount as that the cattle-owner has to pay the 
Agricultural Society. This fee varies from 2 kronor to 2.50 (2 s. 

4 d. — 3 c.) per animal. 

After the first examination and the removal of animals with 
open tuberculosis, the State compensates the animal-owner for a 
certain part of the loss incurred in being compelled to sell for slaugh- 
ter any animals found in subsequent examinations to be affected 
with open tuberculosis. The maximum contribution paid by the 
State in such a case is 50 kronor (£ 2: 18: 0). But if the cattle- 
owner, in addition to this clinical tuberculosis control, also rears the 
young animals isolated from adult animals, the compensation for 
slaughtered animals is increased to a maximum of 75 kronor 
(£4:8:0). The aim is therefore to increase the interest of the 
owners of cattle in the tuberculin examinations and by that means 
to accomplish a complete eradication of bovine tuberculosis. The 
method has been of great importance in anti-tuberculosis education 
and as a transitory method. The compensation paid by the State 
for these clinical examinations and for slaughtered animals suffering 
from open tuberculosis amounted in 1939 — 1940 to approximately 
1,100,000 kronor (£ 64,896).. 

The other method, the Bang method, is employed in herds and in 
areas in which tuberculosis has only a slight extent. By this method 
tuberculin tests are performed to discover all animals infected with 
tuberculosis, whether they are infectious or not. All reactors must 
be separated from the herd, but they need not necessarily be slaugh- 
tered. This phase of the campaign is directed by the Royal Medical 
Board. The State supplies tuberculin free of cost and pays the 
veterinary surgeon who performs the tuberculin tests at the rate of 

5 kronor (5 s. 10 d.) per herd and 0.50 (7 d.) kronor per animal 
tested. The herd owner, however, must pay the veterinary surgeon’s 
travelling expenses. If any reactors are found in a herd are-examin- 
ation may be made within 9 months at the expense of the State. If no 
reacting animals are found in two successive examinations the State 
defrays the cost of control examinations only after long intervals, 
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from 1 fo to several years, varying in different parts of the country. 
Under certain conditions the Slate also pays a certain compensa- 
tion for the slaughter of animals reacting to the tuberculin test and 
found to be affected with tuberculosis in an infectious form. 

The total State expenditure in 1939—40 on the anti-tuberculo- 
sis campaign by the Bang method amounted to 846,000 kronor 
(£49,911). In addition to the direct payments to the participators 
in the tuberculosis work, they also receive, as mentioned above, a 
higher price for the milk they supply to the dairies. This additional 
price has amounted to at least. 0.4 ore (0.22 farth.) per kilo in the 
case of a herd under State tuberculin control and at least 0.2 (0.11 
farth.) per kilo- in the case of a herd under clinical tuberculosis 
control. Certain dairies pay a much higher bonus and have in that 
way achieved a greater eradication of tuberculosis in their respec- 
tive areas. To hasten the transition to non-reactivity in the herds the 
additional price for the two kinds of milk has now been fixed up to 
0.6 (0.33 farth.) and 0.3 ore (0.11 farth.) respectively. 

At present practically half the cattle slock of the country, or 
about 1,500,000, is affiliated to the Bang method. The 6 northern- 
most counties and the Island of Gotland are almost free from bovine 
tuberculosis, and in several other counties, particularly in the south- 
eastern parts of the country, (he eradication of the disease has ad- 
vanced far, while in other counties only 17 — 25 per cent of the herds 
are under tuberculin control. 

In those parts of the country in which tuberculosis is more wide- 
spread the Ostektac method is applied, about 250,000 cattle over 
2 years of age in 17 counties being associated. 

These figures refer to the beginning of 1940. At the time of 
writing, one year later, no survey figures for 1940 — 41 arc yet avail- 
able, but they arc certainly much higher. 

In 1940 there was a considerable shortage of fodder, which 
necessitated the slaughtering of a considerable number of cattle. 
The authorities held the view that the anti-tuberculosis campaign 
should in the first place be kept in sight in this process of decreasing 
the cattle population. Thus in October 1940 the State granted a 
sum of 500,000 kronor (£ 24,498) for the eradication of tubercu- 
losis among small herds in the areas belonging to 10 different 
Agricultural Societies. As a result many new herds have been 
brought into the anti-tuberculosis campaign. 
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On the representations of the Royal Medical Board and the 
Board of Agriculture it was decreed that from the 1st of July 1940 
the tuberculosis campaign in certain areas of the country should 
be compulsory and not voluntary as hitherto. In respect to tuber- 
culosis the country has been divided into 3 different areas: 1. tuber- 
culosis-free, 2. protected, and 3. other areas. In the first two areas 
the law relating to epizootics shall also apply to tuberculosis. This 
implies compulsory notification of all detected cases of bovine tuber- 
culosis, compulsory tuberculin testing and the slaughter of reacting 
animals. In the protected areas the anti-tuberculosis campaign will 
be carried on as hitherto but more intensively. The importation of 
animals not controlled with respect to tuberculosis is prohibited. 
Systematic tuberculosis eradication will be carried on in other areas 
so that they can be transferred to the group of protected areas as 
soon as possible. 

It is therefore quite evident that the campaign against bovine 
tuberculosis has made tremendous progress and that the results al- 
ready achieved give us reason to hope that before many years have 
passed the disease will be completely eradicated, as has already 
happened in Norway, Finland and most of the United States of 
America. 

In the present survey of the cases of bovine pulmonary tuberculo- 
sis in man in the Province of Skane, it will of course be of interest 
to examine more closely the most commonly occurring sources of 
infection. From the tuberculosis map below it will be seen that 
Skane, although not the worst, is still one of the provinces in which 
bovine tuberculosis is common. At present 30 per cent or more of 
the cattle have been tuberculin-tested and belong to entirely non- 
reacting herds. Improvement is taking place very rapidly, as will 
be seen from the graphic table, Fig. 1, showing the number of 
herds affiliated to the Bang method during the years 1900 — 
1940. 

Thus in the two counties of Skane the number of tuberculin- 
tested animals in 1920 amounted to only about 9,000 but in 1932 the 
number had increased to 20,000 and in 1940 to more than 111,000. 

J he number of animals in Skane to which the Ostertag 
method is applied is about 50,000. 

Conditions vary very much in the different parts of the pro- 
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^ ubcrculosis map or Sweden showing the number of cattle in the entire 
10 tllc ^ talc tuberculin Examinations in 1940. The per- 
“ n ‘^.^,’ ,rCS dc, ?f te thc kn own number of non-reacting animals. It will be 
t ic map that the Province of Skftnc is still one of the most tuberculous 
provinces in the country. 
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Fig. 2. The graph shows the number of herds belonging to the anti-tuber- 
culosis campaign according to the Bang method in the two counties of the Pro- 
vince or Skflne from the beginning of the century up to 1939. The curves denote 
the number of tuberculin tested cattle in the different years. It will be seen 
that after 1935 the campaign was greatly intensified. The declining tendency in 
1938 is due to the appearance of foot-and-mouth disease, when the tuberculin 
tests had to be discontinued for some time in SkAne. 
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vincc. I here are- districts in which over 50 per cent of the cattle are 
under tuberculin control, hut there are others in which only 15—20 
per cent are included in the campaign. 


The commonest sources of infection in bovine tuber- 
culosis. 

1 lie possibility of human beings being infected by the bovine 
bacillus is much greater in country districts than in towns. The 
agricultural population is exposed to milk, contact as well as inhal- 
ation infection. On the farms unpasteurised milk is consumed. The 
rather numerous herds that are still not subjected to tuberculosis 
control constitute a risk of infection not only for those families whose 
members come into direct contact with the animals hut also for 
other categories of people working on the farm. In towns and 
villages, on the other hand, the danger of such an infection may be 
said to be very slight, owing to the fact that the milk supplied by 
the dairies is pasteurised, unless it originates from tuberculosis- 
controlled cows. 

The transmission of infection by other animal foodstuffs than 
milk certainly docs not play any role. Meat inspection is now car- 
ried out almost everywhere and special attention is paid to tuber- 
culosis. 

The frequency of the sources of bovine infection can be estimated 
from the reports of the Public Abbatoirs and Controlled Slaughter- 
houses, the official reports of tuberculosis of the udder and the gen- 
ital organs and the information supplied by the Dairy Associations 
as to the quantity of milk controlled with respect to tuberculosis 
compared to non-controlled. 

From the following table, showing the extent of tuberculosis in 
the different slaughter-houses, it will be seen that tuberculosis was 
found in 22 — 47 per cent of the carcasses of cattle examined. It 
should be noted, however, that most of the cases verc slight, a 
tuberculous focus being found in the lung or in the cervical lymph 
glands. 

The most dangerous forms of open tuberculosis in our cattle are 
tuberculosis of the udder and of the urino-genital organs. These 
forms were much more common in the County of Malmohus than in 
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The frequency of tuberculosis at the Abattoirs and Controlled Slaughterhouses in the 
Counties of Krislianslad and Malmiilius during 1021 — 1030. 


Ye nr 

County of Kristianstad 

County of Malmohus 

Tuber- 

culosis 

Number 
of cattle 
slaugh- 
tered 

m 

Tuber- 

culosis 

Number 
of cattle 
slaught- 
ered 

Percent- 

age 

1021-1925 

4,0*13 

12,933 

31.3 

46,880 

125,292 

37.4 

192G— 1929 

3,818 

11,-106 

33.5 

45,712 

125,327 

36. S 

1930-1933 

9,792 

30,451 

32.2 

47,139 

132,96-1 

35.5 

1931—1930 

11,231 

35,911 

31.3 

31,397 

101,268 

34.0 

1937—1939 

1 G, 1 3-1 

55,780 

28.9 

43.506 

126,495 

34.4 


the County of Krislianslad. The average number of cases of tuber- 
culosis of the udder reported in the County of Kristianstad was 0.15 
per mille and in the County of Malmohus 0.22 per mille. 

The average number of cases of uterine tuberculosis recorded in 
the County of Kristianstad was 0.19 per mille, in the County of 
Malmohus 0.41 per mille. These figures, however, do not give a 
true picture of the actual incidence, for many cases are never 
detected and reported. 

In the large and medium-sized herds, before the animals have 
been clinically examined and the affected ones eliminated, open pul- 
monary tuberculosis occurred in about 5 — 10 per cent of the adult' 
animals over 2 years of age. Inoculation experiments on guinea- 
pigs with mixed milk from such herds gave positive results in 5 — 10 
per cent, and with mixed milk from clinically controlled herds in 
1 — 2 per cent. 

Persons living in an environment in which no measures are being 
taken against bovine tuberculosis may be assumed to be strongly 
exposed to bovine infection, especially in the case of large or 
medium-sized herds. 

In recent years the different dairies have formed themselves into 
so-called Dairy Associations, and they carefully control the quan- 
tity of milk received from tuberculosis-controlled herds. In 1939 not 
less than 37.5 per cent of the milk supplied to these dairies was 
tuberculosis-controlled, and in 1940 it amounted to 42.4 per cent. 
Particulars from 4 different dairy associations in the Province of 
Skanc are given in the following table. 
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Milk production under tuberculosis control according to data supplied by the 
Dairy Societies of Skdnc in 1030 and 1010. 

Thc (Wres show the supply during one of the autumn months. 


Dairy Societies 

Year 

Total in 
kilos 

Tuber- 

culin 

control 

% 

Clinical 

control 

% 

Clinical+tu- 
berculin 
control in per- 
centage of 
total 

South-western 


25,009,148 

3,912,900 

15.7 

2,895,410 

11.6 

27.3 


1 9-10 

20,531,857 

4,632,481 

22.4 

2,520,715 

12.3 

34.7 

South-eastern .... 

1939 

13,787,073 

2,100,803 

15.2 

2,099,985 

19.6 

34.8 


1910 

11,057,481 

2,718,194 

23.3 

2,377,810 

20.4 

43.7 

North-western 

1939 

13, 535, 90S 

4,339,971 

32.1 

2,300,402 

17.4 

49.5 


19(0 

11,0-18,902 

4,385,244 


2,008,770 

17.2 

54.8 

Norlh-enslcrn .... 

1939 

10,153,238 

1,905,567 

18.8 

1,970,071 

19.4 

38.2 


19-10 

7,187,155 

1,838,258 

25.5 

1,158,220 

10.1 

41.6 

The whole of SkAnc 

m 

G2, 5-15, 907 

12,2S9,241 

20.5 

9,920,408 

n 

37.5 


HI 

51,025,455 

13,574,177 


8,005,530 

n 

42.4 


The table shows the quantity of milk delivered to the dairies 
in Skanc in 1939 and 1940 also the amount of that milk supplied 
from non-rcactive and clinically examined herds. At present 26.6 
per cent of this milk can be regarded as free from tubercle bacilli 
and 42.4 per cent under State control, either by means of tuber- 
culin tests or clinical examinations. Thus, 57.6 per cent o/ ihe 
dainj milk is slill oulsidc ihe tuberculosis conlrol. 

The present investigation showed that cases of bovine pulmo- 
nary tuberculosis in man were not met with in the County of 
Kristianstad, whereas G3 cases were found in the County of Malmo- 
hus. This great difference, however, does not correspond to an 
equal difference in the incidence of bovine tuberculosis in the two 
counties. It is true, the percentage of non-reacting and clinically 
controlled herds is higher and the number of cases of tuberculosis 
of the udder and genital organs lower in the County of Kristianstad 
than in the County of Malmohus, but tlic difference is not so great 
as might be expected from the number of human cases. At first 
sight it might be supposed that a map of the human cases would 
show that they occurred chiefly in areas with intensely infected 
herds, as K. A. Jensen showed to be the case in Denmark. The 
number of human cases was too small in Skane, especially in the 
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Fig. 3. Number of cattle belonging to the State Controlled Tuberculosis Cam- 
paign in the different districts in the County of Mnlmohus in 1940. The height 
of the columns denote the total number of cattle in each district in 1940. The 
black portions of the columns indicate the number of animals over 2 years of 
age under State clinical tuberculosis control. The obliquely lined fields denote 
the number of non-rcaclivc cattle of all ages. The white portion of the column 
denotes the number of cattle of all ages not under tuberculosis control. 

Tile eradication of tuberculosis has progressed so far that in the south-eastern 
and north-western corners of the county G7 and 89 per cent of the animals 
belong to the campaign. The least progress is shown by the districts of Frosta, 
Onsjb and Furs, where only 16 to 22 per cent of the cattle participate in the 

campaign. 
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County of Knstianslad, to furnish figures that would topographi- 
cally fit m with the high figures for the incidence of bovine tubercu- 

losis in different parts of the province. As already pointed out by 
Hedvall, some of the patients have changed their domicile in the 
province, and it is conceivable that they obtained their bovine in- 
fection in another environment than than in which it was detected 
and long before the anti-tuberculosis campaign in Skane was so far 
advanced as it is at present. 


The possibilities of infection in human and bovine tuber- 
culosis. 

The relation between human and bovine tuberculosis is to a 
certain extent complicated, owing to the existence of different types 
of bacilli, to which human beings and cattle show different degrees 
of immunity. In both species three different types of tubercle 
bacilli have been observed. With regard to these three types the 
present view is that the prevalent type in cattle is the bovine tubercle 
bacillus. It is also known that, provided the possibilities of infec- 
tion are equal, the bovine type is as virulent for man as for cattle. 
That it is generally not so dangerous for man, however, as the 
human type is certainly due to the cirumstance to which Bruno 
Lange and K. A. Jensen called attention, i. e. that it occurs less 
frequently as an inhalation infection with a primary complex in the 
lungs but as an alimentary infection with a primary complex in 
the digestive canal, especially in the cervical and mesenterial lymph 
nodes. Inhalation infection requires an infinitely smaller number 
of tubercle bacilli are required to bring about malignant infection. 
It frequently occurs in man, however, in surgical tuberculosis in 
children, and still more frequently in pulmonary tuberculosis than 
was formerly supposed. 

The human type is by far the most important in man, but cattle 
show a striking immunity to this type. Only a few cases of focal 
tuberculosis in cattle caused by human bacilli are known. Reports 
of cases of slight tuberculous processes, especially in the lymph 
nodes of the digestive organs, have been published in Holland, 
Denmark and also in Sweden. In order to obtain accurate 
information as to the effect of human tubercle bacilli on cattle 



219 


under the same conditions as an infection is assumed to take place 
among herds, Plum infected 3 cows and 4 calves by feeding them 
with sputum from man infected with the ordinary human type of 
bacillus. Six months later only one of the calves showed macro- 
scopically demonstrable changes. These changes were found in the 
mesenterial lymph nodes. All the animals, except one cow, gave a 
positive tuberculin reaction 1 y 2 months after the beginning of the 
feeding. All attempts made so far to demonstrate human bacilli in 
the milk from cattle thus infected have failed. 

The avian type has been very seldom shown in man, but it may 
occasionally attack cattle, being found in the lymph nodes and in 
pregnant cows, in which it produces a tuberculous metritis with sub- 
sequent abortion. It also produces tuberculin sensitivity, which is 
particularly marked, however, to avian tuberculin. 

In view of the harmlessness of the avian type for man, it need 
not he taken into account in the problem of the interaction between 
human and bovine tuberculosis. 

The behaviour of the bovine type is quite different, for it acts in 
both directions. We have already mentioned the danger of man 
being infected by the bovine type of baillus, to which sufficient 
attention has not been paid until recent years. 

The other side of the question, i. e. where cattle are the objects 
exposed to infection, was not considered to be urgent until it be- 
came known that bovine tuberculosis in man was more common 
than was supposed. 

Although it was quite natural, theoretically, that persons infect- 
ed with the bovine bacillus were as dangerous to their environment 
as tuberculous cattle, it was nevertheless conceivable that passages 
with a long sojourn in the human body would reduce the virulence of 
the bovine bacilli for cattle so that they were no longer as dangerous 
as the genuine bovine type. To test this experiments were also 
carried out by Plum with sputum from phthisical patients. Two 
cows and three calves were fed with doses considered to be approx- 
imately equivalent to the quantity of sputum expectorated during 
a long period by a phthisical patient when tending a herd. The 
result of these experiments was that all the animals developed 
macroscopically demonstrable tuberculosis. Sensitivity to tuber- 
culin occurred already after 3 weeks. 
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To sum up ii may be said that cattle can infect man only with 
the bovine type of bacillus, whereas man can infect cattle with both 
the bovine and the human types of bacilli, but not with the avian 

type- 

As a rule, it cannot be ascertained by means of the tuberculin 
test whether cattle are infected with human or bovine tuberculosis. 
The effects of the tuberculin, whether produced from bovine or 
human tubercle bacilli, are practically equivalent. In some instanc- 
es it has been alleged that human infection produces a somewhat 
more powerful reaction to human tuberculin than to bovine tuber- 
culin; but in general this difference in degree is so slight and uncer- 
tain as to be of no practical importance. In Finland the incidence 
of bovine tuberculosis being very low (Stenius and Hinderson) 
they have a much more extensive experience of human infections 
in cattle, and in that country the human virus from such cases 
has caused a reaction in herds that had been non-reactive for a 
long time. Infection with avian tubercle bacilli, which is still more 
common than human infection, has also frequently a disturbing 
action. When the tuberculin reactions are doubtful, re-tests are 
made in Denmark and Sweden with both bovine and avian tu- 
berculin. If a stronger reaction is obtained with avian tuberculin, 
the only step taken is to remove the avian source of infection, after 
which no further reactions occur. Avian tuberculin gives about 
twice as strong a reaction as bovine tuberculin if avian tuberculosis 
is present. 

On the oilier hand, if such a difference in degree is not obtained, 
the possibility of a human infection or an incipient bovine infection 
must be taken into account. In such cases a double normal dose, 
30 — 100 eg, of bovine tuberculin, is injected subcutaneously into 

all the animals to find out whether they give a definite or doubtful 
reaction. If an animal that previously gave a positive reaction to the 

intradermal test also reacts to the subcutaneous test, a bovine infec- 
tion is considered to be present. In human infection, on the other 
hand, it will be found that only some of the animals that reacted to 
the intradermal test give a positive reaction tothesubcutaneoustest, 
•while some of those that gave no response to the subcutaneous test 
give reactions to the intradermal test. Steps are then taken to try to 
discover and eliminate the source of infection. In human infection, as 
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J-'ig. I. A farmer’s family of 7 children (Case 1; Hcdvnll s Cases 2 — I), o ol 
which developed hovine tuberculosis at a definite time. The picture shows the 
parents and I children. The other 3 children are at the hospital. The eldest 
daughter, and the youngest, aged 12 and 7 months respectively when the in- 
fection took place, are seen in the centre. The youngest child, who had not been 
in the cow-stall nor given milk from the affected cows, was the only one that 

was not infected. 
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I-ig. 5. View of the farm. The cow-house, which was only about 15 yards 
from the dwelling-house, was much frequented by the children. Of the small 
herd of 5 animals ,’i cows had open tuberculosis. One or them had tuberculosis 

of the udder. 
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in avian, the reactive power of the cattle often disappear after some 
months, if the source of infection has been removed from the farm. 

But in the case of persons infected with bovine bacilli or such an 
infection from tuberculous cattle, strong reactions will occur at 
least in some cases, and these reactions will persist if retests are 
made. If the double test does not produce a definite reaction, 
some of the least valuable animals are slaughtered for post- 
mortem examination. The finding of a focal tuberculosis indic- 
ates the presence of bovine infection. Human and avian infections 
very seldom give rise to any demonstrable changes. Cultures are 
made and inoculation experiments are also performed on guinea- 
pigs and rabbits with specimens from the lungs and lymph nodes, 
especially if lesions are found in these organs. 


Case Histories. 

Cases of bovine infection from cattle to man. 

Cases in children. 

Case I. (Fig. 4, 5) The most pregnant example of the transmission of in- 
fection from cattle to man is furnished by a crofter’s family.-This family con- 
sisted of 7 children, of which no less than C became ill at about the same 
time. Bovine tubercle bacilli were found in 3 of them (IIedvall’s Cases 
2 — 4). The family were poor and lived on a farm of about 14 acres. The 
father was incidentally employed in driving the milk from the neighbouring 
farms to the dairy. There was a small herd of 3 — 4 cows, the cowstall being 
situated at a distance of only about 10 metres from the dwelling-house 
The hygienic conditions were the worst possible. The father groomed 
and fed the animals and the mother did the milking. The children were 
between the ages of 7 months and 12 years, and all of them, except the 
youngest, used to accompany their parents to the cowstall, where they 
liked to carry on their games. All the children, except the youngest, were 
given raw milk from the herd every day. The children were very fond 
of being in the cowstall, because it was often warmer there than in the 
house. The farm is situated in a lonely spot, exposed to cold winds, espec^ 
Sally during the spring and winter. 

An inquiry into the health of the herd revealed that a cow with open 
pulmonary tuberculosis still remained on the farm and that in the months 
immediately prior to the outbreak of the affection there had been two 
cows in the herd that had to be slaughtered in the following autumn owing 
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fo tuberculosis, 
culosis and the 
and the uterus. 


One of these animals had an advanced pulmonary tuber- 
other acute tuberculosis of the lungs, the kidneys, the udder 


It can therefore be assumed that there were abundant tubercle bacilli 
within the comparatively small cowsiall and that the children were exposed 
dady to massive infections not only by the milk but also by inhalation and 
by contact. 


Case II. A child, aged 15 months, had died from acute miliary tubercu- 
losis and tuberculous meningitis caused by bovine tubercle bacilli {Hedvall’s 
Case 12). The father had been a groom and the mother a milkmaid fora herd 
of 12 cows. The owner had sold 6 of these animals for slaughter, when it 
was found that 3 of them were affected with open pulmonary tuberculosis. 
As far as is known, no case of tuberculosis of the udder had occurred in the 
herd. The child had been given raw milk from this herd for a period of 5 
months, and it is probable the bovine infection was due to the ingestion 
of this milk. 


Case III. A child, aged 1G months, had died from peritoneal tuberculosis 
due to bovine tubercle bacilli (Hedvall’s Case 1G). The father had been 
employed as farm labourer, but neither he nor the mother had had 
anything to do with the cowstall. For a period of 3 months the child had 
been fed on raw milk from the herd, which consisted of 150 animals. A 
previous clinical examination of the herd had revealed two cases of open 
pulmonary tuberculosis. There is reason to assume that the child had been 
exposed to infection from the end of March to the end of June 1938. In the 
beginning of September one of the cows was found to be affected with 
tuberculosis of the lungs, the uterus and of the udder. Tire changes were 
advanced and the cow was probably infectious through the milk at the 
time when the child can be assumed to have got its infection. The parents 
had fed the child with raw milk. 

Case IV. A child, aged 10 months, had died from bovine intestinal 
tuberculosis (Ifcdvall’s Case 17), and in the beginning of April the same 
year a half-brother, aged 8 years, had had a lymphoma, cervical tuberculosis 
and tuberculosis of the bronchial lymph nodes. Bovine tubercle bacilli 
were found in the gastric lavage. For several months before the onset of 
the disease both children had been given raw milk from a large herd of 
about 130 cows. The family lived on the farm. The father had assisted in 
machine-milking the cows, but the mother had not had anything to do with 
the animals. The elder child had not been in the habit of entering the 

cowstall. .. , 

At about the same time a 1 %-year-old child of another family had died 

from tuberculous meningitis. The bacilli were not typed. The arni y 
was otherwise in good health. This case, too, was probably due o ie 
bovine tubercle bacillus. 
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In view of what had occurred the owner of the herd was induced to 
affiliate his herd to the Stale Controlled Clinical Examinations. It was 
found that not less than 13 of the animals had open tuberculosis. No 
case of tuberculosis of the udder could be demonstrated, but in view of 
the numerous cases of open tuberculosis in the herd it was unavoidable 
that the milk was contaminated with tubercle bacilli. Thus the infection 
in the above-mentioned cases was certainly due to the ingestion of raw milk. 

Case V. A child, aged 2 y 2 years, had shown bovine tubercle bacilli 
in the stomach washing. (This cases was detected later and is not included 
among Iledvall’s series of G7 cases.) The father has a small farm with a herd 
of -1 cows. The child became ill in May 1039. At about the same time one 
of the cows in the herd was found to be affected with tuberculosis of the 
udder, and a little later another cow was shown to have open pulmonary 
tuberculosis. The child had not been in the cowslall but had been given 
raw milk from the cow in question. Considering the small number of animals 
in the herd, the concentration of tubercle bacilli in the milk shortly before 
the onset of the disease must have been high. 

Case VI. On 2nd January 1940 bovine tubercle bacilli had been 
demonstrated in the gastric lavage of a child, aged 21 months. The child 
had become ill already on the 13th November 1939. (This case was de- 
tected later and is not included among IlcdvalPs G7 cases.) 

The family lived on a farm with a herd of 24 dairy cows. The father 
was employed as cowman and the mother as milkmaid. Ever since the 
age of 10 months the child had been given raw milk from the cows on the 
farm. On the other hand, the child had not been taken inside the cowslall. 
A clinical examination in May 1940 revealed that one of the cows was 
suffering from tuberculosis of the udder. This cow had also an old tuber- 
culous pneumonia. On the 1st of January 1940 another cow had to be 
sold owing to illness, probably tuberculosis. 

Case VII. A female, aged about 15 months, (Iledvall’s Case IS) had 
tubercle bacilli of the bovine type in the gastric lavage on 15th December 
1937, and the mother and two more children of the family were found to 
have signs of an old abdominal tuberculosis, probably of bovine origin. 
The child had not. been in the cowslall and the parents had not tended 
cattle, but they had obtained milk from a herd in which there had been 
several cases of open tuberculosis. Thus on 5lh June 1937 a cow be- 
longing to this herd was found to be affected with open pulmonary 
tuberculosis. An examination of a sample of the mixed milk taken on 
9th July revealed the presence of tubercle bacilli. On 23rd October it was 
proved that the tuberculous milk originated from a certain cow affected 
with tuberculosis of the udder. 

Case VIII. After an illness lasting only 14 days, a male, aged 4 years, 
had died from bovine tuberculosis localised in the abdominal cavity and 


N 
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!!l e "‘ nge J ( T! lis + Case was det ected later.and is not included among Hedvall’s 
67 cases). For two years before the child became ill, the parents had been 
living on a farm The farmer was employed as working farm-foreman and 
the mother as milkmaid. The child had been allowed to accompany the 
mother to the cowstall and remain there while she milked the cows' The 
family received 4 litres of fresh milk from this herd daily, and this milk 
was always ingested raw. The herd was evidently highly infected with 
tuberculosis, and a cow sent to slaughter a few months before the onset of 
the child’s illness was found to be so extensively affected with tuberculosis, 
even pulmonary tuberculosis, that the carcass had to be entirely condemned. 

A clinical examination of IS cows showed that no less than 6 had open 
pulmonary tuberculosis. 

Thus the infection in this case may have taken place by contact, by 
nhalation and by the milk. 


Case IX. A 14-year-old farmer’s son developed bovine hilar adenitis and 
pulmonary tuberculosis and died one year later from a tuberculoma of the 
cerebellum (Hedvall’s Case 7). The family history was free from tuberculosis. 
The herd, consisting of 3 cows, was found to be free from tuberculosis. The 
other children of the family were tuberculin negative. The patient, however, 
had lived at an uncle’s farm, several miles away, for 4 % months. There 
he had been permitted to assist in tending a tethered cow, which had 
subsequently to be slaughtered owing to open pulmonary tuberculosis. 
On a tuberculin test the herd had been non-reactive but had later had a 
relapse owing to the fact that this cow did not react but was nevertheless 
infectious. No case of tuberculosis of the udder had occurred. Two cousins 
of the patient, aged 8 and 10 respectively, had also drunk raw milk from 
the herd, but gave a negative tuberculin reaction. Thus in this case it is 
improbable that milk infection took place, the disease occurring through 
contact with the phthisical cow. Inhalation infection was discovered at 
autopsy. 

Cases in adults. 

Case 1. A milkmaid, aged 40, had acute bovine pulmonary tuber- 
culosis. (This case was detected later and is not included among Hedvall’s 
67 cases.) The patient had been a milkmaid ever since youth, but she had 
been employed at different farms, where no definite information could be 
obtained as to the frequency of tuberculosis among the cattle after the 
lapse of so many years. The patient had now a farm of her own. An 
examination of the herd gave a negative result. Two or three years before 
the illness, however, the patient had milked the cows at another farm, 
where a cow had to be sold owing to advanced tuberculosis. She had not 
ingested any milk from that herd. 

This may possibly be a case of contact infection. It is also conceiva e 
that she contracted the disease from the herds belonging to the farms a 
which she had been formerly employed. 
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Case 2. A 45-year-old farmer developed bovine pulmonary tuberculosis, 
from which he died after some months’ illness. (This case was detected 
later and is not included among Hedvall’s G7 cases.) As an agricultural 
pupil in his youth he had tended cattle on several farms. His herd con- 
sisted of 9 cows. Prior to the farmer’s illness there was a cow in the herd 
that had to be slaughtered owing to advanced tuberculosis. In recent 
years, however, he had had nothing to do with tending -the cattle. It is 
nevertheless possible that he had been infected by the milk from his own 
herd. It is also conceivable that he got his bovine infection by his close 
contact with cattle during his youth. 

Case 3. A cattle-tender, aged 43. (This case was detected later and is not 
included among Iledvall’s G7 cases.) A radiographic examination in June 
1910 showed uncertain signs of pulmonary tuberculosis. He appeared to be 
in good health and had no cough. After guinea-pig inoculation and cultural 
experiments, the bacteriological examination of the stomach washing reveajed 
the presence of tubercle bacilli of the bovine type. The patient’s wife and S 
children showed no morbid changes. During the past 2 years, from March 
1933 to the beginning of 1940, before taking up his present position, the 
man had been employed as cowman on a farm with a herd of some 30 
cattle. The herd belonged to the Controlled Clinical Examinations. During 
193S — 1910 not less than 10 animals had to be eliminated owing to open 
pulmonary tuberculosis. 

Thus the frequency of tuberculosis was unusually high in the environ- 
ment in which this man carried on his work, and there must have been 
great opportunities for infection by inhalation and by contact. Alimentary 
infection can in all probability be excluded, for the patient’s family, who 
had also ingested raw milk from the herd, did not become infected. 

Owing to the fact that the milk from this farm was supplied to a sana- 
torium, the entirely staff was radiographically examined. The detection 
of the patient’s tuberculous infection would certainly not have been made 
at such an early stage in an ordinary medical examination. He had tended 
the herd from March to June and also a couple of months in the autumn. 
The herd consisted of 118 animals and had been non-reactive for several 
years. But now a large number reacted, although no definite information 
could be obtained as to the kind of infection present. The reaction to 
different kinds of tuberculin did not give definite results. The investigation 
is being continued (See Case 2, p. 228). 


A case of bovine conjunctival tuberculosis. 

Case 4. To complete the material of bovine infection in man in the 
Province of Skane I shall also include the following rather rare case, 
although it was observed before the present investigation was started. 
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On December 3rd, 1932, Dr. Johan Howsth#*, Malmo, sent to the 
he authors Laboratory a sample of pus from a patient, whom he 
beliCAcd was infected with tuleracmia, a disease which had just begun to 
be spoken of at that lime. b 


The patient was a milkmaid, aged 22, employed at a farm with an 
average-sized herd m the neighbourhood of Simrisliamn. The herd was not 
subjected to any kind of tuberculosis control, and the frequency of tuber- 
culosis among the cows may be assumed to be the usual one, i.e. about 10 
per cent open tuberculosis. 

The disease had manifested itself as a swelling of the pre-auricular 
lymph node, an inflammation of the eyelid and a granular conjunctivitis. 

Microscopic examination revealed no bacteria, and cultural experi- 
ments on the usual nutrient media gave negative results. Inoculation 
into guinea-pigs and rabbits produced severe tuberculosis. The high degree 
of virulence of the bacilli for rabbits indicated that they were of the bovine 
type, which was also confirmed when they were typed at the State Scrum 
Instilute, Copenhagen. 

The case was briefly reported by Dr. M. IIolmsthom in the oSvenska 
bgonliikarnas forhandlingau (Transactions of the Swedish Ophlhalmolo- 
gienl Society), 1933. 

Only a few such cases arc known in Sweden, and the only ones in' which 
the type of infecting bacillus was determined were of human origin (2 cases 
reported by Samueeson and GnAKsrndjt). 

According to Bixgvad, -10 cases of conjunctival tuberculosis have been 
recorded at Hie Finsen Institute, Copenhagen, up to 1935, and all those 
in which the bacilli were typed (11 cases) were of bovine origin. 


Cases of tuberculous infection of the human type from 

man to cattle. 

Case J. In a herd of about 20 animals no reactions bad been obtained 
to the tuberculin tests made in October 1938 and in June 1939. In the 
autumn of 1939, however, a cowman employed on the farm became ill 
and on admission to the Lung Clinic of Lund Hospital in April 19*10 lie was 
found by Dr. IIepvaee to be affected with extensive, bilateral, cavernous 
phthisis. The rate of sedimentation remained at about 02 mm. Tubercle 
bacilli, which were found to be of the human type, were present in the 
sputum in large numbers in each field of vision. On admission to hospita 
flic patient was febrile, but the temperature gradually fell to normal value. 

On learning of his employee’s infection the animal-owner became 
afraid that his herd may have been infected and therefore requested a 
re-test. This was performed in April 19*10, the result being that *1 of t ie 
animals gave a positive reaction. The increase in the thickness of the fo 
did not exceed 5 mm. in any case. No reaction was obtained to ai ian 
tuberculin. In order to differentiate the reaction from that usually obtaine 
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in bovine infection a subcutaneous injection of double doses of bovine tuber- 
culin was made on the following day. None of the animals showed, any 
rise in temperature. This non-agreement between the results of the subcut- 
aneous and the intradermal test argued strongly in favour of the infection 
being due to human tubercle bacilli. 

Three of the four animals that reacted to the intradermal test were 
slaughtered, but did not show any macroscopically demonstrable tuber- 
culous lesion in an)- organ. A re-test was made 5 months later, bovine 
tuberculin being injected intradermally, but none of the animals reacted, 
not even the only remaining animal that had given a positive reaction 
previously. 

The facts that the tuberculin reactions were slight, that three of the 
reactive cows did not show am- tuberculous changes, that the results of 
the subcutaneous and the intradermal tests did not agree and that the 
reaction was not stable, suggest rather strongly that the infection in this 
case was caused by tubercle bacilli of the human type from the phthisical 
cowman. 

Case 2. A similar case relating to a herd of 1*19 cattle, also from the 
Province of Slu’tne, has been reported by Bnon Andmsson, Assistant 
Secretary at the Royal Medical Board. 

The herd had been free from reactors during the years 1937 — 1939. In 
March 1940 eleven of the animals gave a positive reaction, but as all the 
reactions were slight the presence of bovine tuberculosis was not suspected. 
The herd was therefore re-tested with avian tuberculin. No evident 
reactions were obtained. A fortnight later a subcutaneous test was made 
on the entire herd, the results of which did not agree with those of the 
intradermal test. Three of the animals reacting to the intradermal test 
were slaughtered but no tuberculous foci were found in any organ. Guinea- 
pigs were inoculated with portions of the lungs, and the Ijunph nodes 
and with tracheal mucus at the State Veterinary Bacteriological Labora- 
tory. The guinea-pigs developed generalised tuberculosis and typing was 
made with material from the lymph nodes of tuberculous guinea-pigs. 
Tubercle bacilli of the human type were demonstrated. 

The entire staff of the farm was examined at the Central Dispensary at 
Lund but no case of open tuberculosis could be shown. 

Thus in this case the source of infection could not be discovered. Changes 
very often take place in the staff of such a large farm, however, and it is 
therefore probable that the tuberculosis carrier no longer remained on the 
farm at the time of examination. 

Cases of bovine infection from man to cattle. 

Case J. As far as I am aware, the first observation of a case of this kind 
was made at a large farm in the neighbourhood of Malmo in March 1936. 

The herd belonging to this farm had been non-reactive for the past 
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7 years. But in March 193C not less than 49 of the 74 animals gave a posit- 
ive tuberculin reaction. The infection seemed to be mostly prevalent 
among the cows, not less than 23 out of 37 reacting. Of the youngest calves 
only 2 reacted. The subsequent investigation proved that the infection of 
the herd was not due to any of the usual causitive factors in such disasters. 
No animal had been purchased from abroad, and no contact had taken 
place with other animals. It had been entirely restocked with animals bred 
on the farm. That the source of infection was the dairy could be excluded 
oving to the fact that the calves fed on milk were practically all non- 
reaclive. It is of course conceivable that owing to an error in the tuberculin 
lest some animal affected with tuberculosis in an infectious form failed 
to be detected. But the animals sold for slaughter in the previous year 
and even earlier had not shown any tuberculosis, and the clinical exami- 
nation made a few' weeks after the tuberculin tests did not reveal any 
animal with any suspicious symptoms. In a subsequent investigation as 
to how the herd had been infected, the owner reported that one of the milk- 
maids had been found to be affected with tuberculosis. She had had a 
»coId», she said, and had been observed to cough very much during the 
time she was in his employ. Before her illness had been diagnosed as tuber- 
culosis, which led to her dismissal, she had been occupied, with two other 
milkmaids, for about 4 hours daily during a period of about 6 weeks in 
milking. (Iledvall’s Case 62). She had extensive tuberculous changes in 
the lungs and a cavity the size of a mandarin (see Fig. 32 in Hedvall’s 
report). Bovine tubercle bacilli w r ere found very abundantly and typed by 
Prof. Lindau in the sputum. She died from pulmonary tuberculosis. She 
began working at the farm in November 1935, i.e. 5 months before the 
appearance of the disease in the herd. The most obvious assumption is 
that the milkmaid in question w r as the cause of the mass infection. 

The herd w'as so severely attacked that the application of the tuberculin 
method bad to be abandomed. The subsequent course of the disease could 
not bo following owing to the fact that the animals had to be slaughtered 
in 1938 on account of an outbreak of foot-and-mouth disease. 

Case 2. On March 14th, 1940, a cowman was employed at a farm with a 
herd of 118 cattle, which supplied certified milk and had been non-reactive 
for quite a long time. The herd w’as tuberculin-tested on May 8th, 1940. 
This cowman bad been previously employed on a farm at which extensive 
tuberculosis was known to exist among the cow's. He milked the cows 
belonging to the present herd up to 12th May, i.e. for nearly two months. 
The animals wrnre then turned out to graze. I-Ie resumed the work of mi - 
ing and tending the herd on 15th August and continued doing so un i 
7tli October, when he was found to be affected with pulmonaiy tu ei 
culosis (see Case 3 adults, p. 225). On 25th November it was reported that 
the infection was due to bovine tubercle bacilli. (Lindau). 

The herd was re-tested with tuberculin on lltli June, 1941, when a 
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large number of reactors were detected. Control examinations are being 
made in order to find out whether the infection was due to bovine bacilli. 
The increase in thickness of the fold was small, and therefore avian or 
human infection cannot be excluded. 


Rules and regulations for the Prevention of the Tuberculous 

Infection by Milk. 

The transmission of tuberculosis from cattle to man is quite 
naturally believed to occur in the first place by the ingestion of 
different kinds of animal food-stuffs, and therefore a great many 
precautionary measures have been taken. The Meat Inspection Act 
prescribes, among other things, that meat and viscera shall be 
examined with respect to tuberculosis before they can be approved 
for human food. The control in this respect is easily carried out 
and can be regarded as effective in both towns and rural districts. 
But that cannot be said to be true as regards milk. Here great 
difficulties are encountered in detecting existing infection and also in 
introducing adequate preventive hygienic measures against the 
spread of such infection. Below I shall examine the public steps 
taken for the prevention of the transmission of tuberculosis by milk 
and try to point out in what respect these measures seem to be in- 
adequate. 

The Public Health Act, 1919, which applies to the whole of the 
country, contains the following clause: »Milk from an animal which 
is or can be suspected to be affected with a disease that can have 
an injurious effect on the quality of the milk, or has been treated 
with any drug, which by passing into the milk or otherwise may 
render it injurious or unfit for human food, shall not for that pur- 
pose he supplied to towns and there exposed to sale or delivered 
to another pcrson». 

From this it is clear that the animal-owner can be made res- 
ponsible if he supplies milk from affected animals to the towns. 

» Without the consent of the Board of Health milk shall not be 
offered for sale or sold under a designation implying that the milk 
is of a particularly sound condition or is under control in that 
respccL.» 

From this it follows that if a herd supplies, for instance, certified 
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milk or babies milk the Board of Health has power to see that the 
products satisfy hygienic demands in every respect. 

»If, owing to decomposition, uncleanliness, faulty preparation or 
any other cause, food in other cases is injurious to health or otherwise 
unfit for human food, or the same has been prepared or handled by 
a person who is suffering or is suspected to be suffering from a 
disease or infection likely to render the food dangerous to consume, it 
shall not for the purpose of being used for food be supplied to a 
town or there offered for sale or transferred to another person.# 

The above clause gives the Board of Health the power to take 
samples of milk supplied to towns, and if tuberculosis is met with 
the sale of the milk for human food can be prohibited. Further, the 
authorities can intervene if it is known that tuberculous persons are 
employed in the cow-house, dairy or milk-shop, for another clause 
runs as follows: »If there is good reason to assume that food of 
any kind and from a certain place may cause the spread of infect- 
ious disease in the town, the Board of Health may prohibit its 
delivery to and sale in the said town#. 

That the local Boards of Health can also exercise control at the 
place of production and in the cow-stalls is evident from the follow- 
ing clause: »The Board of Health may, if considered necessary, 
take samples for examination of any foodstuffs intended for sale, 
whether found at a place within the area of the Board of Health or 
at a place outside the said area, from where it is generally in- 
troduced to the town for sale#. Much can be accomplished where 
the local Boards of Health organise such examinations at the place 
of production, and it is to be desired that this power is used more 
extensively. 

In an Order issued by the Royfil MedicalBoard on 7th July, 1938, 
regarding the requirements for the hygienic conditions in the pro- 
duction of milk and cream sold in an unpasteurised condition, it is 
prescribed that »wlien milking the staff should ascertain that the 
animal docs not show any changes in the udder or in the milk, and that 
milk from animals showing such changes shall not be mixed with 
other milk nor used for human food without consulting a veterinaiy 
surgeon and permission for such use be obtained.# 

In view of the conditions prevailing in the cow-sheds it can be 
safely said that such a direction affords very little assurance that 
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milk from cows affected with tuberculosis of the udder is not includ- 
ed in the milk supply. The early stages of tuberculosis of the udder 
are difficult to detect, and the milk often docs not show any change 
until the process has progressed so far that the excretion of tubercle 
bacilli is very great. Nor can one always expect the staff to be com- 
petent enough to detect such tuberculous changes. The local 
Boards of Health should therefore endeavour to instruct and direct 
those employed in tending and milking cows in carefully controlling 
the health of the animals and in controlling that affected animals 
are not worked. 

In addition to the above-mentioned public laws and ordinances 
there has been in existence for quite a long time a regulation, the 
main purpose of which is to prevent the spread of tuberculosis of 
bovine origin by the ingestion of milk, viz. compulsory slaughter of 
animals suffering from tuberculosis of the udder or the uterus. This 
initial measure, however, docs not suffice to keep the milk free from 
tubercle bacilli. In order to try to trace infections occurring in human 
beings that may have occurred from the consumption of tubercle 
bacillus-infested milk, the Medical Board recently enacted that 
every reported case of tuberculosis of the udder shall be notified 
to the dispensary doctor of the district, who shall then take the 
necessary steps. 

Unfortunately the presence of tuberculosis in milk cannot be 
detected so easily as in meat and viscera. Bacteriological methods 
arc necessary, but they cannot be applied in practice because such an 
examination requires several weeks to accomplish. If tubercle 
bacilli arc found in a sample of milk taken from all cows in a herd 
or a certain group of the herd, the laboratory shall, in accordance 
with the Order of 12th May 1939, notify the herd-owner, the 
local Board of Health, and in the event of the herd not belonging 
to the subsidised campaign against tuberculosis in an infectious 
form, also the Medical Board. The milk shall not be sold for cither 
human or animal food without being heated until a new sample of 
the cumulative milk has given a negative result in a bacteriological 
examination for tubcr.cle bacilli. 

Our clinical methods of examination are not always sufficiently 
effective to show other than rather advanced cases of open tubercul- 
osis in cattle. Tuberculosis of the udder is not the only form of open 
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tuberculosis that is dangerous. The difficulty is to draw a sharp 
boundary-line between open and closed forms. A tuberculous pro- 
cess may at any time become of an infectious character. It must 
therefore be admitted that every herd not-frpe’from reactions, even 
if subjected to clinical control, may be a serious source of infection. 
Moreover, in the open forms the tubercle bacilli frequently cannot 
be detected or demonstrated for certain until a long time after the 
animal has begun to excrete the virus, and on that account the 
existing regulations must be regarded as inadequate. 

The situation has greatly improved by the passing of the Past- 
eurisation Act of the 21st July, 1937, which came into force on the 
1st July, 1939. This implies that milk from herds not under State 
tuberculin or clinical control must be pasteurised. 

On 13th November, 1940, the Medical Board decreed that milk 
from clinically controlled herds should also be pasteurised. This 
was done because it was considered that the participation in the 
State subsidised campaign against tuberculosis in an infectious 
form does not constitute a sufficient protection against the infect- 
ion of human beings with tuberculosis by milk from herds belonging 
to the said campaign. The quantity of milk from non-reactive herds 
for consumption in an unpasteurised condition is at present quite 
sufficient to satisfy the requirements of the towns. In their proposal 
the Medical Board also wants to extend the measure to cover even 
rural districts, i. e. also for milk supplied to the staff of farms that 
have not passed the tuberculin test. As is clearly shown by the 
present investigation, there is a much greater risk of the infection 
being transmitted to man, especially children, by a case of tubercul- 
osis of the udder in the cowhouse than by mixed (diluted) milk 
sold from a dairy or shop. 

Much difficulty will be encountered, however, in putting this 
latter measure into practice. It will certainly take several years 
before it can be carried into effect, and then only when we have 
advanced so far that only a few tuberculin-reactive herds are 
left. 

With regard to dairy staffs the Dairy Act, 1936, and the Tuber- 
culosis Act, 1939, prescribe »that a person employed at a dairy shall 
prove by a doctor’s certificate, which shall not be older than 30 
days, immediately before entering upon his duties that he is fiee 
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from any diseases or infection which can be transmitted to human 
beings by the dairy products. At least once every second year 
the staff shall undergo a medical examination, at the’ dairy’s 
expense, for the purpose of ascertaining whether such infectious 
disease is present.)) 

A regulation has also been laid down for the purpose primarily of 
protecting cattle against infection by phthisical patients, but at the 
same time it is also a protection against the infection of milk with 
tubercle bacilli. 

Quoting from an Order of the 15th June, 1938, from the Medical 
Board concerning steps to be taken in forms of bovine tuberculosis 
that may be assumed to be caused by other than bovine tubercle bacilli: 

»If by means of comparative tuberculin tests or typing it has 
been shown that tuberculous infection of human origin is present in a 
herd, the following steps shall be taken: 

The veterinary surgeon who has performed the examination 
shall at once notify the Medical Board thereof, who orders the 
medical officer of the district to examine all those members of the 
farm’s employees, who have participated in the work in the cow- 
house during the past 6 months, for the presence of tuberculosis. If 
this examination or the examination made at the Central Dispen- 
sary reveals tuberculosis in an infectious stage in any person, he shall 
at once be suspended from his employment in the cow-house. If 
that is not done, the matter shall be reported to the Medical Board 
and to the Board of Health in the district from which milk from the 
herd is supplied or sold.» 

It appears from the title of the above-mentioned circular that it 
really refers to infection with other than bovine bacilli. But it has 
already been shown above that human beings with bovine bacilli 
can also produce bovine tuberculosis, and therefore it is imperative 
that the circular in question is extended to include those cases in 
which the tuberculin tests and the typings of the bacilli reveal the 
presence of bovine infection and the route of infection cannot be 
definitely traced to cattle. Such cases of infection can occur in areas 
in which bovine tuberculosis in cattle has been completely eradic- 
ated and bovine sources of infection can be excluded. In such cases 
there are special reasons for trying to find the origin of the disease 
among infected cowmen and milkmaids. 
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Discussion. 

The examples given in the case histories are not numerous, but 
they should suffice to show the various ways in which an inter- 
action takes place between tuberculosis in man and tuberculosis 
in cattle. 

Most of the cases of bovine infection in man occurred among 
children, although only a very small part of the material sent to 
Prof. Lindau for typing the bacilli originated from children. The 
positive results were nearly always obtained with the material of 
gastric lavage, thus pointing to pulmonary and tonsilar cases, but 
the conditions on the farms at which the cases occurred showed that 
6 of the 9 cases I had an opportunity to test in this respect were due 
to alimentary infection alone. In two of the cases the children had 
frequented and played in heavily infected cow-stalls, in which there 
were consequently ample opportunities of acquiring dirt, contact 
and inhalation infection in addition to milk infection. Besides, a 
case of pure contact infection without simultaneous milk infection 
occurred in a 14-year-old boy. For several months he watered and 
tended a cow with advanced tuberculosis put out to graze. This was 
sufficient to produce in him a malignant, fatal bovine tuberculosis. 

Of the adult cases the probable mode of infection was shown in 
only 4, three of whom were employed in tending cattle, and in which 
both alimentary and contact infections may have played a role. 
The fourth case, that of a milkmaid, was an entirely typical dirt 
infection. The patient developed a primary conjunctival tuberculosis. 

These cases are instances of the transmission of infection from 
cattle to man, such as have been observed a long time ago in count- 
ries with heavily infected herds and where milk is consumed in a 
raw condition, but to which sufficient attention has not been paid 
until recent decades. Hand in hand with the progressive eradica- 
tion of tuberculosis in cattle, the danger to human beings will 
naturally disappear. Of course we must expect to find a comparat- 
ively small number of cases for some time to come, for person 
who are bovine bacilli-carriers, may live for a long time in spite of 
their affection, and will continue to infect their environs. 

That the correlation was double-acting, there being a danger of 
human beings infecting cattle with bovine bacilli, was to be expect- 
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cd when it was found that bovine infection was not quite so un- 
common among cowmen and milkmaids. Moreover, since pul- 
monary tuberculosis due to the human type occurs and is even more 
common than that caused by the bovine type, there are also possi- 
bilities of the animals being infected with both bovine and human 
bacilli, according to the type with which the individuals tending the 
cattle are infected. 

Only a few cases of this kind have been discovered so far in Swed- 
en. One of these cases was that of a milkmaid, who within a period 
of G weeks infected a large, valuable herd as extensively as if the 
source of infection had been a cow with pulmonary tuberculosis. 
We have also seen cases in which a cowman with pulmonary t ber- 
culosis of the human type has produced tuberculin reactions, which 
had a disturbing effect on the judging of the situation in a non- 
reacting herd. 

The knowledge of these facts and the increased control 
concerning the occurrence of tuberculosis in individuals and animals 
coming into close contact with one another can by means of an intim- 
ate cooperation between doctors and veterinary surgeons be of 
very great importance in the anti-tuberculosis work. Thus the 
detection of tuberculosis of the udder in a cow can inspire the search 
for infections in children. The occurrence of an inexplicable relapse 
in the tuberculin work can lead to the detection of bacilli-carrying 
cowmen or milkmaids. In that way it will be possible to discover 
patients who have not the least suspicion that they arc affected 
with tuberculosis. In cases of tuberculosis among the agricultural 
population the doctors should warn both the patients themselves 
and the cattle-owner of the danger also of infecting the cattle. 
The detection of a tuberculous cowman will most likely lead to a new 
tuberculin examination, and in that way a new infection among 
the cattle will be discovered in time to prevent any great injury 
being done. 

In one of the cases reported above, the herd-owner requested a 
new tuberculin examination as soon as he learnt that his employee 
had had pulmonary tuberculosis. Fortunately, in this case the in- 
fection was due to the human type of tubercle bacillus, and the 
injury caused to the herd was there slight. 

On a superficial consideration of the these problems it appears 
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as if an examination should be made of all persons occupied in the 
care of live-stock. That is just as reasonable as in the case of 
employees in dairies, for the latter can only infect the milk, while 
the staff of a farm can infect both the milk and the animals.’ 

This question has also been considered by the Medical Board, 
but it has been rightly pointed out that such an examination cannot 
possibly be carried out at present, as it would involve about 300,000 
persons employed in tending cattle in this country. 

The task must therefore be restricted to taking steps as soon as a 
cowman or milkmaid is found to be affected with tuberculosis. The 
doctor should advise the patient to be careful in his intercourse with 
people but also in tending animals. He should also take samples 
for typing the bacilli. The result of the typing should be reported 
to the district dispensary for recording and supervision, and in 
cases of the bovine type also to the Veterinary Tuberculosis Depart- 
ment of the Medical Board. In that way it should be possible to 
follow the patients suffering from bovine pulmonary tuberculosis 
and prevent them from being employed as cowmen or milkmaids. 

It is of exceedingly great importance that the greatest precau- 
tion is taken in those areas in Sweden in which bovine tuberculosis 
has already been eradicated but also in other districts where the 
animals are not non-reactive and the existing law does not prohibit 
the sale of milk in a raw, unboiled condition (infants’ milk). In the 
former areas tuberculosis comes under »The Diseases of Animals 
Acts» of 1941, with compulsory reporting and slaughter of the 
reacting animals, therefore great losses to the public can be caused 
there by tuberculous persons. It is not enough to prohibit the 
import of living animals to these areas. Something must also be 
done against human tuberculosis. 

When there are reasons to suspect that the herds have been 
infected by infectious persons, it is often a difficult matter to induce 
the farm-staff to submit to a thorough examination. As already 
mentioned, there is a defect in the present regulations, for power to 
require the examination of the staff is given only in cases in which 
the human type appears to be the cause of the tuberculin reactions 
in the animals. On the other hand, the regulations do not authorize 
compulsory examination if typical reactions indicative of bovine 
infection are present. Another difficulty is that the herd-owner, 
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if his staff refuses to submit to such a control, is perhaps afraid of 
giving his support as he does not want to become on unfriendly 
terms with his subordinates and perhaps lose them. 

In the majority of cases, however, the matter can be arranged 
voluntarily, at least as far as the animal-owner is concerned, when 
he fully realises the great values he has at stake. 

Besides the great danger of the herds being infected by the 
tuberculous staff, attention should also be called to the danger of 
persons with pulmonary tuberculosis infecting the milk supplied for 
consumption. In milking, the tuberculous person sits with the open 
pail in front of him beside the cow and when attacks of cough 
occur it can hardly be avoided that the milk is contaminated. 

Veterinary surgeons and doctors can join forces in an endeavour 
to bring about a reform in the existing regulations both with respect 
to herds producing only milk for home consumption and herds 
supplying milk to towns and villages where the local Boards of 
Health have the authority to intervene. 
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VORWORT. 


Beim Abschluss dcr vorliegenden Arbeil isl cs mir eine ange- 
nehmc Pflicht, meinem hochverehrten Lclirer und friihcren Chef, 
Herrn Professor Dr. med. Oslen Holsti, mcinen herzlichsten 
Dank auszuspreclicn. Er hat mir die Anregung zu der Arbeit 
gegeben und niich uncrmiicllich und ohne Miilie und. Zeit zu 
sparen, angeleitet und mil Ralschlagen unterstiilzt. 

Dein Yorstand des Serobakteriologischen Inslituts der Uni- 
vcrsilat Helsinki, Herrn Professor Dr. med. Osv. Reniconen, 
erlaube ich mir, mcinen warmslen Dank dafur abzustatten, dass 
er mir Gelegenlieit gegeben hat, die serologischen Untersuchungen 
fiir meinc Arbeit in dcr von ihm gelciteten Anstalt auszufiihren. 

Herrn Dozent Dr. med. Olof Sievcrs bin ich zu grosstem Dank 
verpflichtet fiir beinahe alle serologischen Untersuchungen, die 
fiir meine Arbeit in Betrachl gckommen sind. Ebenso danke 
ich ihm fiir die vielen Ratschlagc, die er mir gegeben hat. 

Dem Vorstand dcr Rontgenanslalt der I. medizinisclien Abtei- 
lung des Allgemeinen Krankcnhauses in Helsinki, Herrn Dr. 
Harald Fogelberg, schulde ich Dank fiir die Erlaubnis, an 
dem von ihm gelciteten Institut Rontgenuntersuchungcn ausfiihren 
zu diirfen, Herrn Dr. med. Carl Wegelius fiir Ratschliige beziig- 
licli dcr kardiovaskularen Rontgentechnik und Herrn Dozent 
Dr. med. Hannu Haahti fiir Beratung in statistischen Dingen. 

Den Laborantinnen an der medizinisclien Poliklinik des All- 
gemeinen Krankcnhauses in Helsinki, Friiulein Agnes Olofsson, 
Frau Hellin Kaariainen, Frau Doktor Mirjam Krusius und 
Fraulein Toini Vainio gebiihrt mein besler Dank fiir die Blut- 
und Liquoruntersuchungen, die sie fiir micli ausgefiihrt haben, 
sowic fiir andere Hilfe. 
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Herrn Prof. Dr. Gustav Schmidt, der die Ubersetzung aus 
dem Finnischen mit grosser Sorgfalt ausgefiihrt hat, sage icti 
verbindlichsten Dank. 

Helsinki, im Mai 1942. 


Paavo Maijala. 



EINLEITUNG. 


Friihere Angaben iiber die Haufigkeit und 
die verschiedenen Formen der Lues in Finnland. 

Frische Lues. 

A. Haufigkcit. 

Bis in die Millc dcs IS. Jahrhunderts herrschte in unserem 
Lande cin ausscrordenllicli grosser Mangel an Arzten, weshalb 
wr iiber das Vorkommcn von Krankheiten vor dieser Zeit bei 
uns sebr sclilechl unlerrichtet sind. Indcssen versuchten die 
Geistlichcn, aucli fiir das korperlichc Befinden der Menschcn 
Sorge zu tragcn. So findet man in den Protokolien des Dom- 
kapilels aucli Angaben iiber die venerischen Krankheiten. Vom 
1. Miirz 1759 an liegen bei uns mclir Nachrichten iiber das Auf- 
trelcn dieser Krankheiten im Lande vor. Damals begann niimlich 
das ersle Dislriklskrankcnhaus Finnlands in Turku mit seiner 
Tatigkeit, und in diesem wic. aucli in den enlsprechenden Anstal- 
ten, die ctwas spiiler in anderen SUidlcn gegriindet wurden, fing 
man allmahlich an, aucli den venerischen Palienten Behandlung 
zu geben. 

Bald nachdem Finnland mil Russland vcreinigt worden war, 
ging die Regierung daran, Massnahmen zu planen, durcli die die 
Verbrcitung der Geschlechtskrankheilen vcrhindert werden sollte. 
Wahrscheinlich infolge dcs Krieges batten diese Krankheiten in 
besorgniscrregendcm Grade unler dem Volke um sich gegriffen, 
und daraus crkUirt sich offenbar die Aufmerksamkeit, die ihnen 
die Regierung zuwandte. Die erstc Massnahmc zur Bekiimpfung 
der venerischen Kranldiciten ist cin Kaiserlichcr Brief vom 13. 
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August 181 °, in dem dazu aufgefordert wurde, Krankenstuben 
tur die Pflege venerischer Patienten.zu errichten (Rabbe). 

Aus den Berichten uber die Tatigkeit der venerischen Kranken- 
bauser konnen wir uns in grossen Ziigen ein Bild von der Haufig- 
keit der Geschlechtskrankheiten in unserem Lande machen. Im 
folgenden sind die durchschnittliche Zahl der wahrend der ersten 
50 Jahre alljahrlich in diesen Krankenhausern behandelten Patien- 
ten und ihr Verhaltnis (1: 10,000) zur damaligen Einwohnerzahl 
unseres Landes (Hjelt) zusammengestellt: 

Jahrzehnt 1816—1825 1246 Patienten 10.5 °l m 

* ' 1826—1835 1348 » ' 9.9 » 

* 1836—1845 2423 » 16.6 * 

» 1846— 1855 2591 * 15.8 » 

» 1856— 1865 3704 » 21.1 » 

Wir konnen bieraus entnebmen, in wie hohem Grade die 
venerischen Krankheiten damals in Finnland verbreitet waren 
und dass ibre Zabl im Wachsen begriffen war. 

AIs man spater lernte, die verscbiedenen venerischen Krank- 
heiten und ihre verschiedenen Grade voneinander zu unterschei- 
den, erhalten wir wieder aus den Berichten uber die Tatigkeit 
der venerischen Krankenhauser eine allgemeine Vorstellung von 
der Haufigkeit der frischen Lues in unserem Lande. Abbildung 1 
veranschaulicht die Anzahl der wahrend 1910 — 1938 alljahrlich 
wegen frischer Lues (Lues I und II) in die venerischen Kranken- 
hauser unseres Landes aufgenommenen Patienten und ihr Ver- 
haltnis je 10,000 Bewohner des Landes (nach den Berichten der 
Medizinalverwaltung). 

Genauere Daten iiber die Frequenz der frischen Lues in unse- 
rem Lande gibt es jedoch erst seit Anfang 1923. In diesem Jahre 
machte es namlich die Medizinalverwaltung den Kreisarzten zur 
Pflicht, in iliren Monatsrapporten auch Mitteilung iiber alle neuen 
Falle von Geschlechtskrankheiten zu machen. In Abbildung 2 sind 
die aus unserem ganzen Lande wahrend der Jahre 1923—1938 
alljahrlich mitgeteilten Falle von frischer Lues sowie ihr Ver- 
haltnis je 10,000 Bewohner des Landes angefiihrt. Abbildung 3 
zeigt die aus einigen Stadten des Landes wahrend 1900 1938 
alljahrlich angegebenen Falle von frischer Lues und ihr Verhaltnis 
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Abbildung 1. Gcsamlzahl dcr wfihrcnd der Jabre 1910 — 38 wcgcn Irischer Lues 
in die vcncrischcn Krankciiliauscr unscres Landes aufgenoinmencn Palienten 
und ibr Vcrhallnis je 10,000 Eimvoluicr. 


jc 10,000 Einwolincr dcr Sladle (nach den Berichten der Medi- 
zinalvcrwaltung und nach Wilen). 

Aus den Abbildungen wird ersichllich, dass die Frequenzkurven 
dcr frischcn Lues wcllenfdrmig auf- und absteigen und dabei 
friiher cine aufwarlsgerichtelc, aber in den letzlen Jaliren cine 
sinkende Tendenz erkennen lassen. Ferner stcllt man aus den 
Kurven fest, dass in den Sladlen vcrhallmassig mehr frisclic Lucs 
als im ganzen Land und mithin auch in der Provinz zu konsta- 
licren ist. Im ganzen Lande fand sie sicli in den Jaliren 1923 — 
1938 zwischen etwa 4 und G.5 °/ 000 von der Einwohnerzahl, 
wahrend sie in Helsinki, A r iipuri und Tampere hauplsachlich 
zwischen 10 und 50 °/ 000 lag. Bemerkenswert hoch stieg die 
Frequenzkurve dcr frischen Lucs 1919 in Viipuri, der Haupt- 
stadl der 6sUichsten,Provinz, an. 

B. For men. 

In unscrem Lande sind Berichte iiber Fade der verschiedenen 
durch Irische Lues verursachten Komplikationen veroffentlicht 
worden (Holsti, Piuila). 
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AnzaMFSlk— Ruf 10000 Einwohntr 

Abbildung 2. Die wahrend dor Jahre 1923 — 38 aus unserem ganzen Landc 
gemcldeten Falle von frisclier Lues und ilir Verlialtnis je 10,000 Eimvohner. 


Spatlues. 

A. Haufigkeit. 

Die Angaben liber die Haufigkeit der Spatlues (Lues III) in 
unserem Landc sind sparlich. Es liegt kein gutes einbeitliclies 
Bild iiber sie vor, weil die Falle dieser Krankheit in den Rappor- 
ten der Kreisarzte an die Medizinalverwaltung niclit ausdriicklich 
angefiihrt werden. Audi andere Umstande tragen zu unserer 
diesbeziiglichen beschrankten Kenntnis bei. Vor allem ist die Fest- 
stellung der latenten Lucsfalle bei. uns ungeniigend betrieben. 

Gewisse Aufscbliisse fiber die Frequenz der Spatlues in unse- 
rem Lande liefert uns jedocb die Zabl der Spatluespatienten, die in 
den venerischen Krankenhausern in Behandlung gewesen sind. 
Abbildung 4 veranschaulicht die Zahl der ivahrend 1910 — 1938 
alljahrlich wegen Spatlues in die venerischen Krankenhauser 
aufgenommenen Patienten wie auch ihr Verhaltnis je 10,000 
Bewohner des Landes. 
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Jahr 1900 -05 -10 -15 -Z0 -25 -30 -35 191 , 

Helsinki “““ Vnpun *•••* Tampere 

B. Verliallnis jc 10,000 Eimvoluier. 

Abbildung 3 A und B. Die wfilirend tier Jahrc 1900 — 38 aus drei Stadten 
unscres Landes gcineldeten Fallc von frischer Lues. 
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Wie man sieht, lag die Menge der betreffenden Patienten die 
ailjalirlich in die veneris cben Krankenhauser Aufnahme gefunden 
liaben, «n alJgemeinen ante r 1 »/ 000 von der ganzen Einwohner- 
zald des Landes. Ebenso wic die Kurve fiir die wegen friscber 
Lues in die vcncrischen Krankenhauser aufgenommenen Patienten 


Pinzahl %«> 



Abbildung 4. Die Gesamtzalil der walirend der Jahre 1910—38 wegen Spatlues 
in die vcncrischen Krankenhauser unseres Landes aufgenommenen Patienten 
und ihr Vcrhaltnis je 10,000 Einwohner. 



Jahrm -15 -20 -25 -30 -35 I9W 

— — Frisch a Lues — — — SpaHues 

Abbildung 5. Die walirend der Jahre 1910—38 wegen frischer und Spatlues 
in die vcncrischen Krankenhauser unscrcs Landes aufgenommenen Patienten, 
je 10,000 Einwohncr bcrechnct. (Gegenseitiger Vergleicli.) 


schwankte, so bewegte sich aucli die Kurve fiir die aufgenommenen 
Patienten mit Spatlues einigermassen auf und ab. 

In Abbildung 5 babe ich die Zahl der wahrend 1910—1938 
wegen frisclier Lues und wegen Spatlues in die venerischen Kianken- 
hauser des Landes aufgenommenen Patienten mit der Einwohner- 
zalil verglichen. Die Kurven sebeinen niebt parallel zu laufen. 
Die fiir die frische Lues steigt bis zum Jahre 1922 an, umgekehrt 
sinkt aber die fiir die Spatlues von 1913 bis 1925, wonacb sie 
erst aufwarts zu fiiliren beginnt. Wahrscbeinlich berubt dies auf 
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der Latenzzeit zwischen der frischen Lues und den spatluetischen 
Erkrankungen. 

Aus den letzten Jahren haben wir ausserdem einige Unter- 
suchungen iiber die Haufigkeit der Spatlues. Diese sind in Tabelle 
1 zusammengestellt. 

Diese Uniersuchungen, die an einer nicht ausgewahlfen Bevol- 
kerung ausgefuhrt sind , lassen ahnen, dass die Lues in unserem 
Lande eine viel haufigere Krankheit isl, als man friiher angenommen 
hat. 


Tabelle 1. 
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1 _ 

tn ^ 

Untersucher 

Unter- 

suchungs- 

Untersuchungsort 

rz o 

3 

r— « in 

Haufigkeit der 
Lues (Lues III) 

aj o 

X n & 
‘S N 


jahr 


« " 

NJ c 

D 

in % 

fej 
5 * 

Tur unen, A. 

1935 

I. Frauenklinik der Uni- 

2390 

3.8 (WR und ICR) 

0.75 



versitat Helsinki, 
Sclnvangerenbera- 
tungsstelle 




Honkanen,A. 

1936 

Tub.-Krankenhaus in 

611 

5.2 (ICR) 

0.66 



Helsinki 




Maijala, P. 

1939 

Eine Fabrik 

527 

1.3 (WR) 

0.04 





2.1 (ICR) 

0.11 


- 



2.8 (MBR II) 

0.15 


B. Formen. 

Im foigenden gebe ich eine Obersicht der in Finnland er- 
schienenen Untersucbungen iiber die spatluetischen Erkrankungen: 


Verfasser 

Jahr 

Gegenstand der Veroffentlichung 

SOURANDER, J 

1840 

Pathologie der Orchitis syphilitica 
Syphilitische Gehirn- und Riickenmarkser- 
krankungen 

Sarcocele syphilitica 

Syphilitische Arthropathien 

Ober Gehirnsyphilis 

Beliandlung der Tabes mit Jodkalium 

Bonsdorff, E 

1865 

Gahmberg, F 

1868 

Hjelmman, J 

1890 

Hjelmman, J 

1892 

Starck, W 

1892 












H 



Verfasscr 


Krooius, A 1893 

Hjelmman, J 1891 

Karvonen, J 1894 

Collan, V 1895 

Sundiiolm, A 1895 

LynncK, E 1897 

Hom£n, E 1899 

Karvonen, J 1899 

RuNcnr.no, J 1901 

. 1902 

. 1902 

Sic vers, R. . . . ; 1902 

, 1902 

, 1902 

Holsti, H 1903 

Homkn, E 1903 

Sir.vcns, R 1903 

Toilet, A 1903 

Clopntt, A 1904 

Stevens, R '*904 

1904 

1904 

Homkn, E. 1905 

Kakvoncn, J 1 905 

Winqvjst, G 1910 

Hagelstam, J 1912 

Peterson, L 1913 

PiroNius, H 1913 

SjOiilom, J 1910 

Piponius, J 1912 

ICEnproLA, W. 1919 

Hagelstam, J 1921 

Tallqvist, T 1921 


Levan der, Y. 
Jansson, G. 


Pirila, P 1923 

Cedercreutz, A 1925 


Gcgcnstaml der VerBffentlichung 


— — 

Tabctischc Gelenkaffeklioncn 

Ein Fall von sypliilitischer Pharynxstriktui 

Luetisclic Phlebiliden 

Lebersypbilis 

Ober tcrliarc Rektalsyphilis 
Ein (lurch Lues verursacliter Fall von homo- 
nymer Hemianopsie 

Ober Syphilis des Zentralnervensystems 
Nierensyphilome 

Ein Fall von sypliilitischer Aortitis 
Ein Fall von Herzsyphilis 
Syphilitischc Herzatfektioncn 
Ein Fall von Herzsyphilis 

Ein Fall von sypliilitischer Aortitis 
Drci Ffillc von luetischcm Aortenaneurysma 
Ein Fall von arthropathischer Tabes 
Ein Fall von luctischcr Aortitis 
Ein Fall von Pharynx- und Larynxsyphilis 
(Demonstration des Paticntcn) 

Ein Fall von luctischcr Osteitis 

Ein Fall von Herzsyphilis 

Ein Fall von sypliilitischer Aortitis 

Ein Fall von Leber- und Herzsyphilis 

Ein Fall von Lues hereditaria tarda 

Drci Fiillc von Dactylitis syphilitica 

Liquorveranderungen bei der Paralyse 

Ein Fall von Lebersypbilis 

Ein Fall von sypliilitischer Meningitis 

Syphilitischc innere Krankheiten 

A ort cn ancurysmen (teilweise syphilitische) 

Ein Fall von aut hereditarer Basis entstandener 
Aortenlucs 

Ein Fall von luctischer Phlebitis 

Ober Syphilis des Zentralnervensystems 
Das klinische Bild der luetischen Leberkrank- 
heiten 

Ein Fall von Aortenaneurysma _ 

Die Gol dsol-Rcaktion des Liquors be! Lues 

des Zentralnervensystems 
Ein Fall von sypliilitischer Polyarthritis 
Die Ursache der Hutchinsonschen Trias 
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Verfasser 

Jahr 

Gegenstand der Veroffentlichung 

Pirila, P 

1925 

Ein Fall von Fruliparnlyse 

Hajilin, 0 

1930 

Ein Fall von Meningitis heredosyphilitica 

Ingman, A 

1930 

Ein Fall von luctischer Spondylitis 

Kerppola, W 

1930 

Blutdruck und Adrenalinreaktion bei Tabes 

dorsalis 

ROTHSTROJr, G 

1930 

Die Frcquenz der Paralyse in Helsinki 

VESA, A 

1930 

Vier mogliclienveise durch Lues verursachte 
Falle von Anamie mit holiem Index 

Soinj, A 

1934 

Der Antcil der Lues an der Entstchung von 
Herzfeblern 

Vannas, M 

1935 

Durch Lues verursachte Blindhcit 

Kerppola, W 

1937 

Leberlues 

Kaplan, J 

1938 

Lungcnlues 

Maijala, P 

1938 

Ein Fall, in dem Injcklion von Histamin den 
Tod cincs luetischcn Koronarstenosepatien- 
ten verursacht hatte 

Tarkiainen, J 

193S 

Ein Fall von rupturiertem, luetischcm Aneu- 
rysma der Bauchaorta (Dilatationsfall) 

Gordin, R 

1939 

Aortenrupturcn (teihvcisc luetische) 

Maijala, P 

1939 

Ein Fall von Syphilis, die bis in die dritte 
Generation gewandert ist 

Kaunisto, N t 

1910 

Durch Lues verursachte Blindhcit 


Das grosste Interesse bietet unler diesen Veroffentlichungen 
mcines Erachtens die Dissertation Hjelmman’s von 1892. Er 
hat die Journale der intemmedizinischen, syphilitisclien, chirur- 
gischen und ophthalmologischcn Ableilung des AJigemeinen Kran- 
kenhauses in Helsinki aus den Jahren 1878 — 1890 durcligesehen und 
so I860 Falle von tertiarer Syphilis zusammengestellt. In seinem 
Material kamen tertiare Manifestationen in folgendem Verhaltnis 
vor: 


Affcktionen dcr Haul 9S5 Falle 

> des Knochcnsystcms 238 » 

» dcr Nasen- und Gaumenknochcn 223 » 

» des Raclicns und des vreichen Gaumens 318 » 

» dcs Kehlkopfs und der LuUrohre 93 > 

» dcr Gcnitalorgane 50 , 

» dcr Hodcn 32 » 
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Affektioncn vcrschicdoncr Schlcimbautc 

* cles Auges 

» der Gelenkc 

» dcr Leber 

'Nerven- fGchirnsj'pJiilis 

sj'philis j ® c ^* rn * un( l Rfickcnmarkssypliilis 

(.RGckcnmarkssyphilis 

Verschiedene Affektioncn 


15 Falle 

32 

» 

10 

t 

32 

> 

218 

1 

12 

> 

24 

* 

2 

» 


Hiernach ist in dem Material Hjelmman’s die Nervensyphilis 
•durch etwa 14 % alier tertiaren Fade vertreten. Fade von Aorten- 
syphiJis finden sich dagegen iiberhau pt nicht, Ihr Fehlen beruht 
wahrscheinlich darauf, dass die Aortensyphilis damals noch nicht 
bekannt war. Das auf sie beziigliche Problem begann sich ja erst 
um 1900 zu klaren, als aucli bei uns schon Runeberg (1901) einen 
Fad von syphditischer Aortitis veroffentlichte. Runeberg hehaup- 
tete auch in derselben Publikation, dass syphilitische Herzaffek- 
lionen haufiger seien, als man angenommen habe, eine Auffassung, 
■die sich spater als richtig erwiesen hat. 


Die serologische Diagnostik der Lues in Finnland. 

Die in Finnland gebrauchliche Modifikation der Wassermann- 
schen Reaktion ist von Streng und Murto ausgearbeitet worden, 
die 1913 iiber sie berichteten. Im Laufe der Jahre hat diese Modi- 
fikation einige Abanderungen erfahren, und uber ihre Resultate 
liaben mehrere Autoren geschrieben: Tiisala und Weijo (1914); 
Murto (1916); Nysten (1916); Murto, Pirila und Helme (1918); 
•Gronroos (1919); Snellman (1924); Salminen (1928); Streng, 
Sievers (Olof) und Vuori (1933); Oun (1935); Tukunen (1935); 
Aminoff (1939) und Sievers (1932, 1936, 1937, 1939 und 1941). 

Die Kahnsche Ausflockungsreaktion und ihre Ergebmsse 
haben behandelt: Sievers (1932 und 1937); Streng, Sievers 
und Vuori (1933); Oun (1935) und Honkanen (1936). 

Uber die Mudersche »Ballungsreaktion II» bat sich Sievers 
<1932 und 1937) geaussert. 



FRAGESTELLUNG. 


Wie aus den obigen Ausfiihrungen hervorgelit, liegen bei uns 
seit Anfang 1923 ziemliche gute Angaben iiber die Haufigkeit 
der frischen Lues vor. Es sind auch einige Arbeiten iiber die durch 
frisclie Lues verursaclden Komplikationen veroffentlicht worden. 
Dagegen ist unsere Kcnnlnis iiber die Frequenz der Spatlues bei 
uns begrenzt. Desgleiclien wissen wir wenig von der jelzigen Hau- 
figkeit der verscbiedenen Formen der Spatlues in den inneren 
Organen in unserem Landc. Es schien mir infolgedessen ange- 
braclit, folgende Fragen eingehender zu beleucbten: 

1. In welchem Masse komml bei uns in Finnland seropositive 
Spatlues vor? 

2. In welchem Umfang cnlwichcln sich in unbehandellen und 
mangelhafl bchandellcn Lucsfallen Verdnderungen in den inne- 
ren Organen und von welchcr Art sind diese Verdnderungen in 
Finnland? 

3. Da in dcr Diagnostik der Lues hculzulagc grosscnlcils emp- 
findliche scrologische Methoden zur Anwcndung kommen, ist es 
mcincs Erachlcns von Wichtigkeil, auch genauer jcslzustellcn, inwie- 
weii die gcwohnlichsten in Finnland gcbrduchlichcn serologischen 
Rcaklioncn der Lucs zuvcrldssig sind. 


Material und Methodik. 

An der mcdizinischen Poliklinik des Allgemeinen Kranken- 
liauses (Universilatsklinikcn) in Helsinki war es bis Mitte 1935 
iiblich, die Wasscrmannsche Rcaktion nur dann festzustellen, 
wenn »die kliniseben Symptom e auf das Vorhandensein von Lues 
hinwieseno. Der Chef der Anstalt, Professor Osten Holsti, fiihrte 
jcdoch damals cine Anderung in dieser Beziehung durch, und 
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danacli hat die Priifung der Luesreaktionen system a tisch bei alien 
Patienten stattgefunden. 

In. der Zeit vom 1. 1. 1936 bis zum 31. 12. 1937 wurde die medizi- 
nische Poliklinik von 10,954 Patienten besucht. Ihre Blutprobeu 
wurden parallel auf vier Luesreaktionen hin untersucht, und zwar 
auf die Modifikation der gewbhnlichen in Finnland gebrauch- 
lichen Wassermannreaktion ohne Cholesterinzusatz (WR I), die 
Modifikation der durch Cholesterinzusatz sensibilisierten Wasser- 
mannreaktion (WR II), die Kahnsche Ausflockungsreaktion 
IKK) und die Mullersche »Ballungsreaktion II» (MBR II). Mit 
der Anwendung der zuletzt genannten Reaktion wurde nicht von 
Anfang 1936 an, sondern erst etwa % Jahr spater begonnen. Aus- 
serdem waren einige Blutproben so gering, dass das Serum nicht zur 
Priifung alter vier in Rede stehenden Reaktionen ausreichte. So 
wurden WR I und WR II bei den Blutproben von 10,953, KR 
bei denen von 10,925 und MBR II bei denen von 7,841 Patienten 
benutzt. Die Ausfiihrung der Reaktionen land im Serobakterio- 
logischen Institut der Universitat Helsinki (Vorstand: Prof. Dr. 
med. Osv. Renkonen) statt. Sie wurde fast durchgehend von 
Doz. Dr. med. Olof Sievers vorgenommen. Die genauere 1 eclmik 
der Reaktionen wird ersichtlieh aus Sievers’ Arbeiten von 1932 
(Acta Soc. Med. fenn. Duodeeim, Ser. A, lom. XV, Fasc. 21) und 
1937 (Acta path, et microbiol. scand. (Dan.) 14, Fasc. 3 und Finska 

Lak. sallsk. Hdl. SO, 395, 534 und 573). 

Das Ergebnis war, dass bei 387 aller untersuchten Patienten 
mindestens eine der genannten Luesrealttionen positiv (+) vai. 
Ausserdem war die Reaktion bei 14 suspekt (+?, i, ?)• 

Es war nun meine Absicht, fiir eine griindlichere Untersuclumg 
alle Patienten, bei denen auch nur eine Luesreaktion positiv oder 
suspekt gewesen war, in die Poliklinik zuriickzubekommen, a so 
387+14=401 Patienten. Zu diesem Zweck riclitete ich an cue 
Patienten einen Brief, in dem ieh sie bat, sick wieder in der me 
zinischen Poliklinik einzufinden. Der Brief hatte foJgenden or 
laut: »Da aus unseren Untersuchungen hervorgeht, dass I r a 
nicht gesund ist, ist es fiir Sie ausserordentlich wichtig, as ie 
moglicbst umgehend fiir eine genauere Untersuchung wieder m 
medizinische Poliklinik kommen. 

- Paavo MaJj ala. 


Arzt.i) 
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Zu cler Kontrolluntcrsuchung stclllen sich jedocli nur 236 
Palienlen (59 %) eiu. Von den ausgebliebenen Palienten waren 
einige zu Hause gestorben, anderc Avohnlen weil w eg, weshalb sie 
nichl kommen konnlen; Avaruni aber die iibrigen trotz erneuter 
Aufforderung nichl crscliienen, ist sclnver zu sagen. Bemerkcns- 
Averl ist, dass der grossle Teil der Ausgebliebenen auf die erste 
Halbjahrespcriode meiner Unlersuchung entfiel. Danach leisleten 
viel weniger der Aufforderung zu der Konlrollunlcrsuchung keine 
Folge. 

Samlliche 401 Fade ziehe ich bei der Behandlung der Frage von 
der Frequcnz der Lucs heran. Die zur Konlrollunlcrsuchung einge- 
Iroffcncn 236 Falle bcriicksichlige ich andercrseils bei der Eror- 
terung der Frage nach der Spczifiliil der serologischcn Luesreaktio- 
ncn. Von den in diesen Kontrollfallen enthaltencn 180 sicheren + 19 
wahrscheinlich sicheren Spalluesfadcn machc ich schliesslich im 
Zusammcnhang mil der Organlucsfrage Gebrauch. 

Bei der Behandlung der Luesfrcquenz gclie ich davon aus, dass 
die Spczifiliil der serologischcn Luesreaklionen fur alle 401 Fade 
dieselbe vie fiir die zur Konlrollunlcrsuchung crschienenen 236 
Palienlen isl. 

Die zur Konlrollunlcrsuchung gckonnncnen 236 1 Palienlen habe 
ich selbsl unlersuchl und dabei folgendcs Verfahren angewandl: 

Die Ananincse nahm ich von jedeni Palienlen auf. Ich fragle 
genau, wann und an wclchen Gesclilechlskrankheilen der Palient 
crkrankl war und was fiir Thcrapic cr crhalten dalle, fads es sich 
bei ilini uni Lues handellc. Wenn der Palient am Penis ein 
Gcschwiir aufgewicscn hal, das der Arzl oder der Palient, ohne 
einen Arzl aufzusuchen, fiir cincn weichen Sclianker gehalten 
hat, habe ich in der Anamncse »Ulcus molle» noliert. 

Die klinischc Unlersuchung habe ich gleichfalls selber aus- 
gcfiihrl. Dazu gchorlen folgende Spezialuntersuchungcn: 

Einc Ronlgenuntersuchung dcs Thorax. 

Ein Eleklrokardiogramm. 


1 Die vollstandigc, finniscli abgcfasste Ivasuistik wire! in der medizi- 
nisciicn Poliklinik dcs Aligcmcinen Krankenliauscs in Helsinki aufbcwahrt 
und kann dort eingesclicn werden. 
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Eine Untersuchung der Lumbalflussigkeit. 

Die Senkungsreaktion des Blutes. 

Das Blutbild. 

Ausserdem warden bei jedem Patienten die Luesreaktionen 
erneut gepriift. 

Bei Bedarf wurden noch einige andere Untersuchungen vorge- 
nommen. So erfolgten in einem Teil der Falle eine Priifung der 
Augen und der Augenhintergrunde, eine Rontgenaufnahme des 
Schadels, eine oto-, rhino- und laryngologische Untersuchung 
usw. Zu Beginn meiner Arbeit beabsichtigte ich, wenigstens bei 
alien iiber Bauchbeschwerden klagenden Patienten eine Rontgen- 
untersuchung des Magens durchzufuhren.. aber aus pekuniaren 
Griinden war dies zu meinem grossen Bedauern nicht moglich. 

In den verschiedenen Kapiteln werde ich noch genauer auf 
die jeweils in Betracht kommende Untersuchungsmethodik ein- 
gehen. 



EIGENE UNTERSUCHUNGEN. 

Die Haufigkeit der Spatlues. 

Die Haufigkeit der seropositiven Spatlues bei den Patienten 
der medizinischen Poliklinik des Allgemeinen Kranken- 
hauses in Helsinki wahrend der Jahre 1936 — 1937. 

Die Haufigkeit der seropositiven Lues allcr Grade bei den 
Patienten der medizinischen Poliklinik wird aus den Tabellen 
2 und 3 crsichtlich. Ausscrdcm lassen dicse die Frequenz dcr 
scrosuspcktcn Lucs erkennen. Tabcllc 2 gibt Aufscliluss iiber die 
Un lersuchu ngsresu 1 late dcr verschiedencn Luesreaklionen. Damit 
dicse Evgcbnissc die Haufigkeit dcr Lues und nielli nur die der 
positiven und suspekien Reaktionen zum Ausclruck bringen, liabe 
ich von ihnen das fur jedc Rcaktion gefundene Unspezifitats- 
prozeni (dariiber genauer in dem Kapilel liber die Spezifiliit dcr 
serologisclien Luesreaklionen) abgezogen. So ergibt sick fiir die 
\VR I-positiuc und - suspekte Lucs alter Grade insgcsaml 2.5 %, fiir die 
WR IJ-positive und -suspcklc 2.7 S%, fiir die KR~positivc und - su - 
spehte 3.28 % und fiir die MBR Jl-posilivc und -suspcklc 3.1 %. 


Tabclle 2. 

Die Haufigkeit dcr seropositiven und -suspekten Lucs bei den Patienten dcr nicdizinisclicn 

Poliklinik in den Jnlircn 1930 — 1937 *. 


■ 

S j o 

E 3 £ 

Z o 

ll 5 

Posit iv ( + ) 

Suspckt (+?) 

Suspckt (±,— ?) 

r* 

o 

p 

Z 

to 

*C5 

K 

<5 

0/ 

/O 

*5 

s 

r" 

Of 

/O 

Anzahl 

0/ 

/O 

WR I 

10,953 

219 

2.00— o.o . 1 = 1.90 

3 

0.03— 0.03 = 0 

02 

0.57 — 0.03 = 0.5-1 

2.50 

WR 11 .... 

10,953 

250 

2.28— o.oc = 2.22 

2 

0.02—0.01 = 0.01 

02 

0.50 — o.ot — 0.55 

2.78 

KR 

10,925 

3G‘( 

3.33—0.1 1 = 3.22 

2 

0.02— 0.01 = 0.05 

G 

0.06— o.oi = 0.05 

3.2S 

MBR 11 .... 

7,8 n 

2-13 

3.10—0.15 = 2.95 

12 

0.15— 0.07 == 0.08 

11 

0.M— 0.07 = 0.07 

3.10 


1 Die klein gedrucktcn Zablen geben die Unspezifitatsprozcntc der Reak- 
tionen an. 
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Tabelle 3. 


Gesamtzahl 
der Unlcr- 
suchten 

Positiv (+) 

| Suspeict (+?, ±,~ ?) 

Zu- 

sammen 

0/ 

;o 


% i 

! Anzahi 

0/ 

/o 

30,054 

387 

! 

3.53 — 0.15 = 3.3J 

14 j 

■ 

0.13— o.o7 = o.oe 

3.44 


In Tabelle 3 babe ich die Haufigkeit tier Lues so berechnet, 
dass icli alle Falle beriicksichtigte, in denen zum mindesten eine 
der genannten vicr Luesreaktionen positiv Oder suspekt war. 
Auf dicsc Wcisc hcibe ich in meinem Material als Haufigkeitsprozent 
der Lues alter Grade 3.44 erhallen. 

f ta Von der seropositiven Lues meines Materials sind 90 % Spat- 
lues, 4 % frisclie Lues und 6 % kongenitale Lues. Ziebt man 
dies in Betracbt, so erreclmet man, dass von den Patienten der 
medizinischen Poliklinik an WR I-positiver und suspekter Spatlues 
insgcsamt 2.25 %, an WR II-positiucr und -suspekter 2.5%, an KR- 
posiliver und -suspekter 2.95 % und an MBR II-posiiiver und-suspek - 
ter 2.79% leiden. 

I m vorliegenden Material ist das Haufigkeitsprozent der Lues 
mithin ziemlich liocb. Das erklart sich teihveise daraus, dass das 
Material von kranken Personen gebildet wird. In meiner fruheren 
Untersuchung, die subjektiv gesunde Personen betraf, war das 
Haufigkeitsprozent der Lues etwas niedriger (Tabelle 4). 

Zum Vergleich babe icli in Tabelle 4 alle in Finnland und einige 
im Ausland ersebienene Angaben iiber die Frequenz der Lues 
zusammengestellt. Dazu kann ich erwabnen, dass Prof. 0. Ho’sti 
in den Jahren 1938 — 39 am Serobakteriologisclien Institut. der 
Universitat Helsinki bei alien seinen 531 Privatpatienten die WR 
und KR bat feststellen lassen. Dabei war WR in 2.1 % und KR 
ia 2.8 % positiv. 

In Schweden und Deutschland ist in den letzten Jahren bedeu- 
tend weniger Lues als bei uns vorgekommen. Ebenso verbalt es 
sich in Danemark wenigstens beziiglich der frischen Lues (Lom- 
hold 1935). Dies beruht auf der energischen Luesbekampfung, 

1 Die ldein gedruckten Zahlen geben die Unspezifitatsprozente der Reak 
tionen an. 



Tabelle 4. 

Die Haufigkeit dcr Lucs in einigen Landcrn. 
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Uni fan £ 


1 



Aulor 

Land 

Jalir 

des Ma 

Art des Materials 

Haufigkeit der Lues 




tc rials 


l 



CiULDBEnG, G. 

Nonvcgen 

1932 

8,235 

Obduklionsfallc 

5.8 % (bei der Obduk- 
lion Zeichcn von Lues) 

Fldh, S 

Seliwcden 

1926—31 

17,108 

Pat. eincs Krankcnh. 

2.2 % (WR) 






fur innere Med. 




Kai.lner, S. . . 

SclnvcdQu 

1939 

7,750 

Pat. cincr Polikiinik 

0.66 % (WR, ICR und 





f. innere Krankh. 

MBR) 


Melchior. L. . . 

Dsinemark 

1914 — 192C 

4,717 

Ohduklionsffdlc, klin 

7.6 % (WR, klinisch, 





Fallc 

bei der Obduktion) 

Laxgeb. E. . . 

Deutschland 

1906—1925 

23,015 

Obduklionsfallc 

5,. 

3 % (bei der Obduk- 






lion Zeiclien von Lues) 

Vickel, H. . . . 

Deutschland 

1907—1933 

11,476 

Obduktionsffdle 

7.2 % (bei der Obduk- 
tion Zeiclien von Lues) 

^ombeug, E. . . 

Deutschland 

1918 

6,850 

Pat. eincs Krankcnh. f. 

10.1 % 






innere Med. 




>TItELO\V, K. . . 

Deutschland 

1921 — 1925 

14,941 

Obduklionsfallc 

7.4 % (bei dcr Obduk- 
tion Zeichcn von Lues) 

4 L'LLEll, R. .. 

Deutschland 

193S 

125,000 

Masscnunlcrsuchung 

0.8 % (Chediak) 


Il.VTON, W. . . 

U.S.A. 

1915—1919 

10,427 

Schwangcre 

4.2 % -f- suspekt 3.9 % 






(WR) 


W.I.SON, K. .. 

L'.S.A. 

1930—1931 

17,624 

Sdnvangerc 

1.5 % + suspekt 1.1 % 

'OXDEnLEHIt,R. 





(WR) 

i 

I 

U.S.A, 

193G 

1,782 

Mann). Neger 

26 

5 % (ICR und 

Kol-j 

et al. 





nierschc Reaktion) 

onference on 





5 

3 10 % (Lues allcr 

syphilis 

U.S.A. 

1937 



Sladien zusammen) 

.'cDaniei,, J, 

U.S.A. 

1937 

6,911 


U 

CJ 

to « 

Manner 33.8 % 

rs 

tn 

o 






o ’ 

z 

Frauen 34.5 » 

v-i- 






tn 

- < 

Manner 7.1 » 

|.b 

EEL, E 





CJ < 
£ 1 

Frauen 7.3 » . 

n 

U.S.A. 

1938 

27,872 

Obduklionsfallc 

2.7 

7 % (bei dcr Obduk- 






lion Zeiclien von Lues) 

ennie, Cli. . . 

SOdamerika 
Rio deJanciro 

1936 



ca. 

35 % 


U11UNEN, A. 

Filmland 

1935 

2,390 

Pal. dcr Schwangeren- 

3.8 

% (WR und ICR) 





beratungsstclle dcr 

Fraucnklinik 




onkankn, A. 

Finnland 

1936 

611 

Pat. des Tuh.-ICran- 

5.2 

% (ICR) 






\cnhauses 




aijala, P. . . 

Einnland 

1939 

527 

Subjcktiv gesundc 
T abrikarbeiler 

fl-3 % (WR) 

•J 2.1 % (ICR) 
j.2.8 % (MBR II) 


■’aijala., P. . . 

'innland 




r2.. 

5 % (WR I) 


1942 

10,954 

Pal. ciner medizini- 

2.78 % (WR II) 





1 

chen Polikiinik 

3.28 % (ICR) 

.3.1 % (MBR II) 









. . * eSen Landem wahrend der letzten Zeit ausgefiihrt worden 

nt ?“ fmdGt maU S0W0hl in den Vereinigteu Staaten vou 
Nordamenka als m Sildamerika raehr Lues als bei uns. Ausser- 

dem ist die Lues in den Vereinigten Staaten unter der Negerbe- 
volkerung mehr verbreitet. 


% 



Abbildung 6. Die Haufigkeit der Lues nach den verschiedenen Regicrungs- 

bezirkcn. 


Die Haufigkeit der Lues nach den verschiedenen Regierungsbezirken. 

Aus Abbildung 6 ist zu ersehen, in welcher Menge Lues nach 
meinem Material bei den aus verschiedenen Regierungsbezirken 
stammenden Patienten vorkommt (von den Hundertsatzen habe 
ich das Unspezifitatsprozent der Reaktionen abgezogen). Die 
Tabelle lasst erkennen, dass die Lues am starksten bei den Patien- 
ten aus dem Regierungsbezirk Oulu und danach bei denen aus 
den Regierungsbezirken Viipuri und Hame vertreten ist. Jedocli 
sind die Differenzen so klein, dass mathematisch betrachtet kein 
sicherer Unterschied vorhanden ist. 

Das Vorkommen der Lues nach dem Alter und dem Geschlecht. 

Urn in Erfahrung zu bringen, in welcher Altersperiode sero- 
positive und -suspekte Lues am meisten und fur welches Ge- 
schlecht sie in grosserer Menge anzutreffen ist, habe ich mein 
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Material nach clem Alter unci clem Gesclilecht gruppiert. Da die 
MBR II bei weilem nicht in alien Fallen festgeslellt worden ist, 
babe icb keine Gruppierung der Befuncle vorgenommen. 


Tabetic 5. 

Die WR I-positiven und -suspektcn Lucsfatle, nacli dcin Alter und Gcsctileclil 

gruppiert *. 


Reakticm 

Alter 

Jnhrc 

Ge- 

scblecbt 

Zalil der 
Untcr- 
sucbtcn 

Positiv 

( + ) 

O' 

iO 

Su.spekt 

(+?, ±, 

-?) 

O' 

'O 

Zusaninicn 

0/ 

JO 

WR I 

unlcr 20 

-s 

O 

320 

mm 

1 1 

M 

1 

20—20 

0 

1,1-17 

m 

■ 


> 

31 — 10 

o 

000 

mm 

1.37 

•i.i-i 

1 

•11—50 

o 

730 

-1.50 

0.05 

5.21 

• 

51-00 

o 

081 

2.15 

0.00 

3.M 

» 

Olier 00 

o 

050 

1.03 

— 

1.03 

» 

unbekannt 

o 

110 

0.87 

— 

0.S7 

WR I 

Snmme 

6 

•1.052 

2.33 

0.0(1 

2.03 

WR I 

unter 20 

0 

T 

57-1 

1.35 

— 

1.35 

» 

20—30 

O 

-r 

1.185 

1.37 

0..M 

1.81 

» 

31-10 

9 

1,130 

1.77 

0.80 

2.03 

» 

■1 1 50 

0 

•r 

007 

1.82 

0.38 

2.20 

t 

51—011 

o 

070 

2.13 

0.00 

3.12 

* 

fiber 00 

c 

750 

1.-I1 

0.10 

1.00 

» 

inibekannt 

o 

110 

0.87 

— 

0.87 

WR I 

Sumnie 

■; 

0,301 

1 .00 

0.51 

2.20 


% 



Abbildung 7. Die WR I-posiliven und -suspektcn Lucsfatle, nacli dcm Alter 

und Gesclilcclil gruppiert 1 . 


1 Das Unspezifilutxprozent abgczogen 
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Die Ergebnisse finden sick fur WR I in Tabelle 5 und Abbil- 
dung 7, fur WR II in Tabelle 6 und Abbildung 8 und fur KR in 
Tabelle 7 und Abbildung 9. 


Tabelle 6. 

Die WR II-positivcn und -suspekten Luesfalle, nach dem Alter und Gesclilecht 

gruppiert 1 . 


Rcnklion 

Alter 

Jahre 

Gc- 

scblecht 

Zahl der 
Unter- 
sucliten 

Positiv 

(+) 

% 

Suspekt 
<+?, ±, 
-?) 

% 

Zusammen 

O' 

/o 

WR 11 

» . 

» 

» 

* 

unter 20 
20—30 

31—40 

41—50 

51— GO 

iiber 60 

unbekannt 

3 

3 

3 

3 

3 

3 

3 

320 

1,147 

996 

739 

684 

656 
110 ' 

o.ss 

2.12 

2.95 

4.81 

2.14 

1.01 

1.76 

0.34 

1.29 

0.67 

1.16 

0.45 

0.88 

2.46 

4.24 

5.48 

3.30 

1.46 

1.76 

WR 11 

Snmme 

3 

4,652 

2.48 

0.70 

3.18 

WR II 

» 

>1 

» 

» 

unter 20 
20—30 
31—40 
41—50 

51—60 
tiber 60 

unbekannt 

0 

$ 

? 

$ 

$ 

$ 

$ 

574 

1.4S5 

1,436 

967 

970 

759 

110 

( ... 

1.51 

1.62 

2.24 

2.32 

2.83 

1.70 

0.85 

0.33 

0.69 

0.71 

0.51 

0.51 

i n JR 

1.51 

1.95 

2.93 

3.03 

3.34 

2.21 

0.85 

I 2.51 



i Das Unspezifitatsprozent abgezogen. 


27 


Tabelle 7. 

Die KR-posilivcn und -suspckten Lucsfallc, nach deni Alter und Geschleclit 

gruppicrt 1 . 


Reaktion 

Alter 

Jalire 

Ge- 

sclilcclit 

Zahl der 
Unter- 
suchtcn 

Posiliv 
( + ) 

% 

Suspckt 
(+?, ±, 
-?) 

% 

Zusammen 

% 

KR 

unler 20 

o 

31 S 

1.78 


1.78 

» 

20—30 

c? 

1,1-10 

2.08 

0.08 

2,70 

b 

31 — 10 

A 

o 

995 

.1.92 


5.01 • 

» 

•11—50 

6 

730 

5.87 

— 

5.87 

a 

51— (10 

o 

080 

1.15 

— 

•1.45 

0 

liber 00 

o 

055 

1.72 


1.72 

» 

unhekannt 

a 

1C9 

1.72 


1.72 

KR 

Summe 

6 

•1.039 

3.71 

0.01 

— 

KR 

miter 20 

o 

T 

571 

1.-10 

0.10 

1.02 

a 

20—30 

0 

T 

1,IS2 

1.98 

0.0G 

2.01 

t 

31 — 10 

o 

-r 

1,132 

3.17 

0.13 

3.30 

* 

•11—50 

0 

905 

•1.1-1 

— 

4.1*1 

* 

51— 00 

0 

90S 

3.71 

0.09 

3.80 


fiber 00 

$ 

750 

2.51 

0.12 

2.00 

B 

unbekannt 

0 

109 

1.72 

— 

1.72 

KR 

Summe 

$ 

0,280 

2.85 

0.09 

2.91 


% 

G 

5 

K 

3 

2 

I 

(lifer unfcr ZQJahrc 20-30 31-1,0 1,1-50 51-60 uberbVJahrc. 

Manner Frauen 

Abbildung 9. Die KR-posiliven mid -suspeklen •Liiesfalle, liach dem Alter 

und Gcsclilcclit gruppicrl 1 . 

Man konslalierl, dass bei den Mannern am meislen seroposi- 
tive Lues in der Allcrspcriodc von 41 bis 50 Jahrcn auftritt. Da 
findet man bei ihnen WR I-positive Lues in 5.21 %, WR II-posi- 



1 Das Unspczifitatsprozenl ahgczogen. 
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live in 5,18 % and KR-positivc 5.87 %. Die Frauen zeigen am 
nuns leu WR I- and WR II-posilive Lues in der Allersklassc von 
nl bis GO dal iron und KR-posilive in der Allersklassc von 41 bis 
.)0 Jahren. Alsdann ist bei ihnen WR I-positive Lucs in 3.12 %, 
WR 1 1-positive in 3.34 % und KR-posilivc in 4.14 % Icstzustcllcn. 

In moment ganzen Material findel sick Lues bei den Mannern 
choa 1.3 mnl mchr als bei den Frauen. 

In meinor kleinon friiberen Arbcil war Lucs am meislen bei 
den Mannern der Allersklassc von 31 bis 40 Jahren und bei den 
Frauen der Allersklassc von 20 bis 30 Jahren, d. h. also bei jiinge- 
ren Individuen als in der vorlicgcnden Unicrsuchung anzutreffen. 
Dicser Unlerschied beruht darauf, dass meinc friihere Arbeit 
subjekliv gesunde Personen umfasstc, bei denen sich die spat- 
laelischen Affeklionen noch niehL enlwiekell batten. Das Objekl 
der jelzigen Unicrsuchung haben dagegen zum grossten Teil 
solche. gebiidet, bei denen die spatlnctischen Erkrankungen bereiis 
ausgcpnigl waren. 

'i'abelle 8 veransehaulicht das Verhiiltnis der Lues bei den 
Mannern und Frauen in einigen Liindern. 


Tabelle 8. 

Das Vcrliftltnis tier Lues liei Mannern und Frauen in einigen Liindern. 


Anl or 

Land 

Jalir 

VcrhSUnis 
Manner : Frauen 

Lanui.u, K 

Deulsehland 

1900 — 25 

1,0 

: 1 

XlCKKI,, ii 

Deutschland 

1907—33 

2,2 

: 1 

CU’iucu 

Deutschland 

1911—21 

2,2 

: 1 

STltUI.OW, K 

Dculsriiland 

1921—2:1 

LI 

: 1 

Mavnaiuj, Jit. et ai 

L'.S.A. 

1935 

2,0 

: 1 

McDanitl. J. G . . , , 

U.S.A. 

1937 

0,97 

: 1 

Kau.nku, SlXTIiN 

Schveden 

1939 

1,2 

: 1 

Maijai.a, P 

Finnland 

1912 

1,3 

: 1 


Die Hirer Krankhcit Bcwusslen and Unbcwtisslcn. 

In wclchem Umfang die Lueliker laul Angabe ihrer Krank- 
licit bewussl gewesen sind, crhelll aus Tabelle 9. Wir schen, dnss 
die mannlichcn Lueliker in 34.2 % zugdbcn, dass sic von ihrer Frank - 
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licit wusslcn, die weiblichen in 26.4 %. Die Manner haben dieses 
Verhallen ungefahr 1.3 mol haufiger cingcsiandcn als die Frauen. 
Ferner zeigt es sich, dass bei 20.2 % der mannlichcn mid bei 
70.8 % der weiblichen Luetiker in dcr Anamnese keine venerischcn 
Ivrankheiten erwahnt waren. Die einschlagigen Dalen ciniget 
auslandischen Forscher, die aus Tabellc 9 ersichtlich werden, bewe- 
gen sich in derselben Richtung wie meine Resullale. 


Tabclle 9. 

Hirer Lucs Bewusstc und Unbewusstc. 



■ 

In der Anamnese 



Lucs 

Keine 

Lucs 

Eine vener. 
Krankhcit 

Keine vener. 
Krankliciten 


■ 

Zahl 

O' 

,0 

Zahl 

O' 

,0 


O' 

,o 

Zalil 

O f 

,o 

Mannlichc Luetiker 

IN 

30 

m 

■ 

05.8 

01 

79.8 

23 

20.2 

1 

jWeiblichc Luetiker 

100 

28 

BO 

78 

73. 0i 

31 


75 

70. S 

Zusammcn 

.220 

07 

30.5 

153 

09.5 

122 

55.5 

98 

11.5 


TabeUe 10. 


Bekanntscliaft der Palicntcn mil ihrer Lucs. Verpleirh dcr Erpebnfssc cinder 

Autorcn. 


Autor 



Hirer 

Hues Bewusstc 

Land 

Jahr 

Manner 

<v 

,n 

Frauen 

O* 

sty 

Manner -f 
Fraueu 

Romrerg, E 


1018 

1037 

1035 

1030 

•10 

75 



V. JagIC U. ZlMMKWMANN- 

Meinzingex 

Maynard, Jr. ct nl. ... 

Moore, J. E 

Maijala, P 

Deutschland 

U.S.A. 

U.S.A. 

18 

07 



i Jiinmud 

1012 

31.2 

20.1 

30.5 


»Omnis syphiliticus mendax* ist chi olfm- q n 

•“ nod, „ c „ lc g m d r ,! 1' * r « rOS - 

meine Lueskranken die Wniirhoil v ’ >hs * amh 

Sk " * eeringe 20 "' Luc:' '^Ta 
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ist auch vorgekommen, dass die Patienten anfangs das Wiasen 
um dire Kranklieit leugneten, aber nach mehreren Besuchen und ■ 
mfolgedessen gewissermassen bei naherer Bekanntschaft mit mir 
aul erncute Befragung erklarten, dass sie sich ihrer Lues bewusst 
gewesen seien. Aus diesem Grunde halte ich es fur moglich, dass 
meine Ergebnisse in grossen Ziigen der Wabrheit entsprechen. 

Heine Resultate bestatigen die Auffassung, dass die primaren 
und sekundaren Symptome sich in einem erhebiichen Teil der Lues- 
falle nicht entwickeln oder so unbedeutend bleiben, dass sie nicht 
wahrzunehmen sind. 


Die Formen der Spatlues. 

Die kardiovaskularen Veranderungen. 

I. M e t h o d i k. 

Im Gegensatz zu der Diagnose des komplizierten luetischen 
Aortenprozesses ist die des unkomplizierten sclnvierig, und dabei 
ist keine Metliode allein zutreffend. Um eine friihe kardiovaskulare 
Lues festzustellen, sind daher mehrere Untersuchungen erforder- 
iieh. Aus diesem Grunde habe ich die gewohnliche physikalische 
und elektrokardiographische Untersucbung durcb verschieden- 
artige rontgenologisclie Verfahren erganzt. 

Die von mir angewandten rontgenologistben Methoden sind 
folgende: 

1. Die Bestimmung der Grosse des transversalen Durchmessers 
des Aortenbogens. 

2. Die Bestimmung der Breite der Aorta ascendens. 

3. Die Bestimmung des Kreuzfuchs-Masses. 

4. Die Bestimmung der Holie der Aorta. 

5. Abgeselien von diesen Untersuchungen zur Feststellung der 
Vergrosserung der Aorta habe ich die Grosse des Herzens bestimmt, 
obgleich dieselbe bei der Diagnose der Aortenprozesse nicht von 
Bedeutung ist. 

Die Zunahme der Dichte und die Veranderung der Pulsation 
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in der Aorta habc ich niclil boriicksichligl, weil sic der Subjek- 
tivitat eincn zu wciten Spielraum gewalircn. 

Bei der Aufnahme der Rontgenbilder standen die Palicntcn m 
einem Fokus-Filmabstand von 150 cm, und die Bildcr sind bei 
»mittlerer Atemstellung» aufgenomnien. 


1. Die Grosse dcs transvcrsalcn Durchmcsscrs dcs Aorlcnbogens. 

Wenn das Bild in anlcrio-posteriorer Rich lung aufgenomnien 
wird, findet man niclit direkl die Breite der Aorta, sondern die 
Grosse ihres transvcrsalcn Durclunessers: die gross ten Abslfmde 
des re cli ten und linken Randes dcs Aortenbogens von der Medio- 
sternallinie aus zusammcngereclmet, die Semidiameter (Yaqlkz- 
Bordet). 

In Ermangelung eines eigenen Normahnatcrials babe ich mich 
bei der Bcurleilung der Grosse des transvcrsalcn Durchmcsscrs 
des Aortenbogens auf das anscheinend gate Material von Kemp 
und Cochems (1937) gcslulzl. Diese Forscher liabcn teleronlgeno- 
logisch nacli Vaquez-Bordet die Lange dcs transvcrsalcn Durcli- 
messers des Aortenbogens bei 1,000 syphilitischen und GOO nicht- 
sypliilitischen Personen bcstimml. Ihr Material gruppierlen sic. 
nach deni Gcsclilcclit und Alter und ausserdem nacli folgenden 
Gesichtspunkten: 

1. Personen, die keine Herzkrankhcit batten. 

2. Personen, die cine niebtsypbilitisebe Herzkrankhcit (meisl 
Hypertonie-f Arterioslderose) batten. 

3. Personen, die eine unkompliziertc oder kompliziertc svphi- 
litiscbe Herzkrankhcit batten. 

Die Masse, die sic fiir den transvcrsalcn Durchmesser dcs Aorlen- 
bogens angelica, sind folgende: 
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Gcsehlecht 

Alter 

Jahre 

Ausserste Schwankungen der 'Weite des 
Aortenbogens, cm 

Kerne Herz- 
affektion 

Nicht- 

syphilitische 

Herzaffektion 

Komplizierte oder 
unkompiizierte sy- 
philitische Herz- 
affektion 

3 

0—19 

4.7— 5.8 

4.1— 6.2 

5.5— 5.5 
5.4—5 .4 


20—29 

4.1— 7.3 

4.5— 7.5 

5.2— 7.2 
4.8— 6.3 

5.7— 7.5 

30—39 

4.5— 7.0 

4.5— 7.1 

6.2— 7.6 

5.5— 7.2 

G.0— 8.0 

40—49 

5.2— 7.6 

4.8— 7.6 

6.3— 9.8 

5.3— 7.9 

5-5 — 13.0 

50 + 

5.5— 6.8 

5.2— 7.0 

6.2— 9.7 

5.3— 9.4 

5.5—13.0 

9 

0—19 

4.2— 5.8 

4.7— 5.1 

4.5— 5.0 


20—29 

4.2— 5.9 

3.9— 6.0 

4.4— 4.5 

3.9— 7.6 



30—39 

3.9— 7.0 

4.3— 6.6 

5.0— 8.0 

5.0— 6.9 

6.2— 7.5 

40—49 

5.2— 6.4 
4.8— 6.6 

5.6— 7.5 

5.6— 7.9 

5.9— 8.3 

50 + 

5.5— 6.1 

5.2— 6.2 

5.8— 8.0 

6.0— 7.1 

6.0— 8.8 


(Kach Kemp und Cochems.) 


2. Die Breite der Aorta ascendens. 

Die Breite der Aorta kann man unmittelbar in. Seitenbildern 
zum Vorschein bringen. Bei der Aufnahme der Seitenbilder babe 
ich die Patienten — bei noch vollig freiem Mittelfeld gedreht, 
bis die Aorta in ihrer kieinsten Breite scharf zu sehen war. Die 
Seitenbilder konnen aufgenommen werden, indem man den Pa- 
tienten nach links (erste Schragrichtung oder Fechterstellung) 
oder nach rechts (zweite Schragrichtung oder Boxerstellung) 
wendet. Die zweite Schragrichtung gilt im allgemeinen als emp- 
fehlenswerter, weil die anderen Organe des Thorax dabei nicht so 
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sehr stdren wie hei der Uirtersoclumg in der ersten Schragrichtun 
(Assmann, Aiavens). Nach Re.ch (1926) 1st die Breite der Aorta 
ascendens auf Bildern, die fa der I. und II. Schragstellung anf 0 e 


nommen sind, in 70 % die gleiche. _ 

Ich habe mich bei der Bestimmung der Breite der normalen 
Aorta ascendens auf Lippmann und Quiring gcsliitzt. Nachihnen 
iibersteigt die Breite der Aorta ascendens in dcr I. Schragrichtung 
auf dem bei dem Fokus-Filmabsland 150 cm aufgenomnienen Bild 
gewohnlich nicht 3.5 cm. Das zunehmendc Alter wirkl nacb ilmen 
nicbt stark auf die Verbreiterung der Aorta ein. 


3. Das Krcuzfuchs-Mass. 

Kreuzfuchs (1920) lasst den Patienten dicken Konlraslbrei 
verschlingen, und das Bild wird in antcrio-posteriorer Richtung 
aufgenommen, wobei das von dem nach links fulirenden Aorlen- 
bogen liervorgerufene meniskusformigc sogenannte »Aortenbett 
des Osophagus» zum Vorschein kommt. Er misst den Absland 
zwischen dem tiefsten Punkt des Aortenbcits des Osophagus und 
dem aussersten linken Rand des Aorlenscha Liens. So ergibl sich 
das Mass des Isthmus aorlae unmittclbar obcrhalb des Punktes, 
wo der Arcus aortae in die Aorta ascendens ubergeht. 

Nach Weiss und Lauda (1921) uberschreitct das Krcuzfuchs- 
Mass in dem orthodiagraphisch aufgenomnienen Bild nicht 2.0 cm. 

Ich habe. als obere Grenzc des normalen Krcuzfuchs-Masses 
2.8 cm betrachtct, d. li. das Mass, welches man crhalt, wenn das 
orthodiagraphische Mass von Weiss und Lauda malhematisch 
dem Fokus-Filmabstand 150 cm entsprechend umgewandelt wird. 


4. Die HOhe dcr Aorla. 


Unter der Hohe der Aorta wird die Strecke verstanden, die man 
erhalt, wenn man auf dem in anlerio-posleriorer Richtung auf- 
genommenen Bild vom Kreuzungspunkt des rechten Vord^erliof- 
bogens und des Gefassbogens und ebenso von dem hochst.cn 

Punkt des Aortenbogens einc Senkrechte auf die Miltcllinic zieht 
(Groedel). 


Nach v. Teubern betragt die Hohe dcr normalen Aorla 
orthodiagraphischen Bild gemessen 8.7 cm. 


auf dem 


3 
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Ich habe das Mass v. Teubern’s dem Fokus-Filmabstand 150 cm 
entsprechend, d. h. auf 9.2 cm umgewandelt und dieses als die 
grosste Hohe der normalen Aorta betrachtet. 

5. Die Grosse des Herzens. 

Bei der Bestimmung der Grosse des Herzens kann man sich 
mehrerer Methoden bedienen. Ich bespreche von diesen nur eine, 
den Herz-Lungen-Quotienten. Mit dem Herz-Lungen-Quotienten 
1st das Verhaltnis des transversalen Durchmessers des Herzens zu 
dem transversalen Durchmesser der L ungen gemeint. Unter dem 
transversalen Durchmesser der Lungen ist die basale Breite der 
Lungen zu verstehen. Der transversale Durchmesser des Herzens 
hinwieder ist gleich dem rechten Medianabstand plus dem linlcen 
Medianabstand des Herzens. Als rechter und linker Medianabstand 
wird die grosste Entfernung des rechten und linlcen Randes der 
Herzschatten von der Mittellinie des Korpers bezeichnet (Groedel). 

Ich liabe als normalen Herz-Lungen-Quotienten nach Groedel 
1: 1.90 — 1: 1.99 genommen, obwohl diese Zahlen nicht genau zu 
meinem Material passen, in dem die Bilder telerontgenologische 
(nicht wic bei Groedel orthodiagraphische) sind. 


II. Die Grundlagen fiir die Diagnose Aortitis luetica. 

A. Die heute tiblichen. 

Die Diagnose der Aortenklappeninsuffizienz und des Aorten- 
aneurysmas lasst sich ziemlich leicht auf Grund der klassischen 
Symptome stellen. Bei der Diagnose der unkomplizierten Aortitis 
hat Allbutt schon 1915 die grosse Bedeutung der qualitativen 
Veranderurigen des zweiten Aortentones hervorgehoben. Dasselbe 
haben spater mehrere andere Forscher getan. Die Friihdiagnose 
der Aortitis kann bei Nichtrheumatilcern, Nichthypertonikern 
und Nichtartei'iosklerotikern sogar ausschliesslich auf Grund des 
akzentuierten, metallisch klingenden zweiten Aortentones gestellt 
werden (Romberg 1918, Stadler 1932, Paullin 1937). Andere 
Autoren fordern ausserdem fiir die Diagnose Aortitis ein 



35 


systolischcs Aorlengerausch (Jaoi 6 und Zimmebmann-Mbin- 

Z1NGEN 1937). . 

Nach einigen Forschern ist cine sichere Aorlilisdiagnose nur 

durch rontgenologische Feststellung einer Aortcncrweiterung mog- 
lich (Maynard, Curran, Rosen, Williamson und Lingg 1935, 

Thompson, Comeau und White 1939). 

Audi gibt es Autoren, die sich bei der Diagnose dcr Aortitis 
nicht mit einem oder zwei Symplomen begniigen, sondern dcren 
drei bis flint fordern. So wlinschen Carter und Baker (1931) fiii 
das Diagnostizieren der unkompliziertcn syphilitischen Aortitis, 
dass fiinf von den foigenden sieben Kritcrien erfi'dlt sind: 


1. Anamneslisch ein verhallnismassig plotzliclier nnd uner- 
warleter Anfall der Symptomc einer Zirkulationssldrung. 

2. Positive Wassermannreaklion. 

3. Zunahme der relromanubrialen Diiinpfung im zweilen Inter- 
kostalraum und Vcrandcrung des zveiten Aor tent ones. Fluoro- 
skopische Feststellung der Aortendilatation. 

4. Feblen eines Mitralfeblers, cine rheumalisclie Infektion ein- 
begreifend. 

5. Paroxysmalc Dyspnoe, incisions nachtliche. 

6. Scinnerz, vor alleni paroxysmalcr. 

7. Progressive Herzinsuffizicnz. 

Moore und andcre geben (1932 und 1933) folgendc sieben 
Kriterien an: 

1. Telerontgenograpbischc odor fiuoroskopische Feststellung 
einer Aortendilatation. 

2. Vermehrlc retromanubriale Dampfung. 

3. Eine Zirkulationsstorung in dcr Anainnosc. 

4. Melallische Akzentuierung des zweilen Aortentoncs. 

5. Progressive Herzinsnffizienz. 

6. Substernale Sclunerzen. 

7. Paroxysmalc Dyspnoe. 


Nacli densclbcn Forscliern knnn bei einem Paticntcn mit 
Spa lues die Diagnose syphililische Aortitis gcslellt werden (mag 
die Wassermannreaktion im Blutc positiv oder negaliv scin) 
WCnn « *■* dcr vorslelicndcn Kriterien „ konstaUcren 
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smd. Hat der Patient zwei von ihnen, so ist die Diagnose luetfeche 
Aortitis walirscheinlich, vorausgesetzt, dass er keinen Mitraldefekt 
liat. Falls der Patient negative WRimBlute undin der Anamnese 
keine Lues liat und falls er auch keine anderen physikalischen Sym- 
ptome von Lues aufweist, werden fiir eine sichere Aortitis luetica- 
Diagnose vier der angefuhrten Kriterien gefordert. 


B. Die von mir angewandten. 

Gestiitzt auf die im Schrifttum geausserten Ansichten und die 
Erfahrungen, die ich wahrend meiner Arbeit gemacht habe, be- 
gnuge icl^ mich bei der Stellung der Diagnose unkomplizierte 
Aortitis, abgesehen von den positiven Luesreaktionen des Blutes, 
mit dem Nachweis auch nur eines anderen Symptoms bei Nicht- 
rheumatikern, Nichthypertonikern und Nichtarteriosklerotikern. 
Eine solclie monosymptomatisclie kardiovaskulare Lues lag nur in 
6 Fallen vor. In 3 Fallen bestand eine Dilatation der Aorta und in 
3 Fallen im Ekg eine deutliche Senkung der Strecke ST. Bei den 
letzteren habe ich keine andere Atiologie als Lues feststellen konnen. 
Mitliin durfte es si.ch um eine durch die Aortitis hervorgerufene 
K.oronarstenose gehandelt haben. In 42 Fallen war die kardio- 
vaskulare Lues polysymptomatisch. Von diesen 13 Falle zeigten 2 
Symptome, und 2 war 7 eine Aortenerweiterung und im Ekg eine 
Senkung von ST, 3 eine Dilatation der Aorta und entweder ein 
systolisches Aortengerausch ode r akzentuierten zweiten Aortenton, 
2 ein systolisches Aortengerausch und akzentuierten zweiten 
Aortenton bei Nichthypertonikern, Nichtarteriosklerotikern und 
Nichtrlieumatikern und ein Fall stenokardische Schmerzen und 
im Ekg eine Senkung von ST. In den iibrigen Aortitisfallen waren 
mehrere Symptome festzustellen. 

Im folgenden fiihre ich ausser den positiven Luesreaktionen 
des Blutes im einzelnen die Symptome an, auf welche hin ich in 
den verschiedenen Fallen die Diagnose unkomplizierte Aortitiden 
gestellt habe: 
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Symptome der unkompiizicrf.cn Aortitiden 

Zahl dcr Fade 

1 Symptom Aorta dilaticrt 

1 : 

n 

Im Ekg Scnkung von ST 

' 

f 

J G 

2 Symptome Aorta dilat. 4- im Ekg Scnkung von SI 


V 

Aorta dilat. 4- A, 1 nkzentuiert 



Aorta dilat. 4- sysl. Aortengcrausch 

1 

i 

Aj akzentuiert 4- syst. Aortcngcrauscli . . 
Stcnokard. Schmerzen + im EkgSenkung 

2 


von ST 

1 


3 Symptome Aorta dilat. 4- A. akzcntuiert 4- sysl. Aor- 


tengerauscb 

r: 


Aorta dilat. 4- stcnokard. Scluncrzcn ~ 



im Ekg Scnkung von ST i 



Aorta dilat. -f- A 5 akzcntuiert 4- im Ekg 



| Scnkung von ST . . . . 

3 i 

ir 

A. akzcntuiert -f syst. Aortengcrausch ~ 


f 10 

ini Ekg Scnkung von ST 



A. nkzentuiert 4- syst. Aortcngcrauscli -f 


stcnokard. Scluncrzcn . . 

1 


4 Symptom e Aorta dilat. + A s akzcntuiert + svst. 


Aortcngcrauscli 4- stcnokard. Schmerzen 

1 Aorta dilat. + A, akzcntuiert -f syst. Aor 

•r 


tengcrausch 4- im Ekg Scnkuug von ST 
Aorta dilat. 4- A, akzcntuiert 4- stcnokard 

3 


Schmerzen -f im EkgSenkung von ST 
' s akzcntu *prt + syst. Aortengcrausch + 
stcnokard. Sclinicrzen -f j m Ekg Scit- 
kung von ST 

3 ' 

12 

Symptome Aorta dilot. + a, atacnlokrt + VyoV 

0 

. 


Aortengcrausch 4- stcnokard. Sclimer- 
zen 4- jm Ekg Scnkung von ST 

1 

1 

Zusnmmen j 
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irr. Die Stichhaltigkci t dcr Diagnosen. 



Falle 



Klinisclie 

Diagnose 


Obduktions- 

dingnose 



64 Aortitis luica. Aortitis luica. 


8 32 - 


Herzbesclnverden 
and ilirc Dauer vor 

der Diagnose Diagnose 


y 2 J. stenokardischc 
Sehmerzen. 2 T. 110jf80 


125 Aortitis luica. Aortitis luica. Hy- ? 

Lues ccrcbro- peraemia ct oe- 

spin . dema piaematris. 

73 Aortitis luica. In- Aortitis luica. Insuff. 8 62 

suff. valv. se- valv. semilun. 
milun. aortae. aortae. Granula- 
Lues cerebri. tiones cpendymi 
ventr. cerebri. 

65 Aortitisluica. In- Aortitis luica. In- 8 36] 

suff. valv. sc- suff. valv. semi- 
miluu. aortae. lun. aortae^ — 

76 Aortitis luica. In- Aortitis luica. Insuff . d 
suff. valv. se- valv. semilun. aor- 
milun. aortae. tae. — 

25 Aortitis luica. Aortitis luica. Aneu- 5 4! 

Aneurysma rysma aortae 

aortae. Lues Leptomeningitis 

cerebri. -- 

""94 Aortitis'" luica. Aortitis luica. Aneu- 5 4 

Aneurvsma rysma aortae. 


% J. stenokardische 2 T. 
Sclimerzen. Atem- 


10 J. Atemnot. V 2 3- 2 J. 140 j®) 

stenokard. 

Sclimerzen. 


12 J. Herzklopfen. 9 T. 1 160/30 

% J. stenokard. 1 

Sclimerzen. 

- 1 J. Atemnotundste- 5 T. 140 / 4 ° 

nokard. Sclimer- 


-f 2-3 J- Atemnot und 15 T. 135[K 

stenokard. | 

Sclimerzen. 


• 2% Mon. Atemno 


.1% Mon. 155/70 


94 Aortitis luica. 

Aneurysma rysma aortae. 

aortae. 

95 Aortitis luica. Aortitis luica. Aneu- 

Ancurysma rysma aortae. Per- 

aortae. f° ratio in medias ^ 

post, et cavit. 

pleurae sin. 

' ina Aortitis luica. Aortitis luica. Aneu- 


2-3 J. Atemnot und 2 J. 

stenokard. 

Sehmerzen. 


Keine. 


7 T. j 1 40/1 


aortae. 


103 Aortitis luica. Aornus juivo. - 
Aneurysma rysma aortae. 

aortae. Pneu- Pneumonia 1. dx. 

I monia 1. dx. 

Aortitis” luica. Aortitis luica. Aneu- 8 


Pneumonia 1. dx. 


82 Aortitis 


Aneurysma 
aortae. Insuff. 
valv. semilun. 
aortae. Lues 
cerebri. 


rysma aortae. Lep- 
tomeningitis chr. 
Granulationes 
ependymi ventr. 
IV cerebri. 


4 " Mon. Husten. 12 % Mon. 210/. 
Mon. Atemnot und 
stenok. Schmer- 


11 . 

obduzierten Falle. 


Aorta Herz er* 
dilatiert weitert 


t£ 

w “ to 
1 1 o 

E’g O 

“.2 ts 

G o 

H u to 

W « ■# 


+ I -I 



Zerebrospinal- 

flilssigkcit 


+ I + + + 43 101 4.990 1.01 9*100 Normal 


+ +- 



- - + +++++ 8 2 7 4 


Pandy+, Zellen 
7.5/mm 3 , WR— 


+ + + + + + 4 


~h -f- 110 S3j3.99o|l.O*l 5200 Pantly-f, Nonnc 
I J j I +, Zcllen 

j|| | 31.0/mm 3 , 

WR + 


h + + Niclit 44 .^ 
unter- 
sucht 


+ + + + + S 92 ‘1.87010. 


9*1 8000 Normal 


+ + + Niclit 4. 4. . , ~~~ “ "I 

unter- I + -o 09 3.70 0.9S 7800 Niclit untersuchtj 

I sucht | 


+ + H~ + + 


+ + + + + + + 100 


l 


70 3.70 0.93 8000 Pandy+, Nonnc 
+, Zcllcn 
05.0/mm 3 , 
WR-f 


+ + + — 


+ + + + + 105 


72 3.83 0.93 14170 Normal 


+ + + + 


+ + + + + 47 


M 4.00 1.05 0700 Normal 


+ --Nicht 


L + Nichl 4 4- _i_“ 

untor. 1 -C 


unter- untcr- 

sncht sucht j 


+ + 43 S4 5.00 0,8*1 15 


15200 Niclit untersucht 


+ + + 


+ + 4 


+ + 15 81 *1.370, 


°' 93 | 75 °oJ P nndy+, Zeller 
25.o/mm*, 

WR + 
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insuffizienz oder Aortenaneurysma. Das Alter der Gestorbenenwar: 
31, 32, 34, 36, 37, 38, 40, 41, 43, 45, 47, 49, 51, 54, 57 und 60 Jahre. 
Der Altersdurclisclinitt betrug fiir sie 44 Jahre. 

Die Obduktion konnte bei 10 ausgefuhrt werden, namlich bei 
den bciden unkomplizierten Aortitisfallen, den 3 Fallen von Aorten- 
klappeninsuffizienz sowie den 5 Fallen von Aortenaneurysma, von 
denen einer ausserdem Aortenklappeninsuffizienz hatte. Die 
klinischen kardiovaskularen Diagnosen stimmlen in fast alien 
Hinsichlcn mil den Obduktionsdiagnosen uberein. In einem Fall, 
in dem ich bei dem Lues- plus Hypertoniepatienten die Diagnosen 
Aortenaneurysma und Aortenklappeninsuffizienz gestellt hatte, 
konnte jedoch bei der Obduktion nur ein luetisches Aneurysma 
nacligewiesen werden, wahrend die Aortenklappen vollig normal 
waren. Es hatte sich wahrscheinlich um eine funktionelle Aorten- 
klappeninsuffizienz gehandelt. Garvin (1940) hat 14 Falle gesam- 
melt, in denen bei Hypertoniepatienten Aortenklappeninsuffizienz 
diagnostiziert wurde, wohingegen die Aortenklappen sich bei der 
Obduktion als normal erwiesen. 

In Tabelle 11 gebe ich eine Zusammenfassung der'obduzierten 
Ffille. 

Zu erwahnen ist, dass die Aorta in den beiden unkomplizierten 
Aortitisfallen nicht erwei.tert war. Dieser Umstand ist allerdings im 
Fachschrifttum hervorgehoben worden, aber in der gewohnlichen 
klinischen Praxis wird ilim im allgemeinen keine Beachtung ge- 
schenkt. 


IV. Ergebnisse. 

Die Haufigkeit und Ad der Aorlenfehler. 

Aus Tabelle 12 erhellt die Haufigkeit der verschiedenartigen 
Aortenfehler meines Materials (180 sicliere + 19 wahrscheinlich 
sichere Spatluesfalle) in ihrer Gesamtheit und getrennt nach 
Geschlecht und Alter sowie danach, ob als atiologischer Falctor 
ausschliesslich Syphilis oder ausserdem noch eine andere Krank- 
heit vorgelegen hat. Die Abbildungen 10 — 13 zeigen anschaulicher 
die Frequenz der Aortenfehler bei Mannern und Frauen verschie- 
denen Alters. 
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Die an Spcitlues leidenden Individuen haben in 45.7 % Aorlen- 
fehler. Von diesen sind unkomplizierie Aoriiiiden 24.1 %, Aorten- 
klappeninsuffizienzen 14.1 % und Aneurysmen 7.5 / 0 . 

Unter den Aortenklappeninsuffizienzen finden sich 5 Falle, 
die nicht ohne weiteres als sicher luetisch bezeichnet werden kon- 
nen, weil 4 von ihnen auch in der Anamnese eine rheumatische 
Infektion haben und einer auch an Endocarditis Ienta leidet. Von 
den mit rheumatischer Infektion Behafteten sind jedoch 3 ziemlich 
alt (49, 51 und 62 Jahre), weshalb ich geneigt bin, ihre AortenkJap- 
peninsuffizienz am ehesten als luetisch aufzufassen. 

Aortenaneurysmen sind bei den Mannern wahrscheinlich zahl- 
reicher als bei den Frauen anzutreffen (12.4 rb 3.2 % — 2.1 ± 
1.5 % = 10.3 ± 3.5 %). 1 Andcre Aortenfehler kommen dagegen 
bei den Mannern und Frauen ungefahr in gleicher Menge vor. 
Der luetische Aortenprozess macbt somit bei den Frauen meist 
bei der Aortitis halt, wahrend er sich bei den Mannern bis zum 
Aneurysma weiterentwickelt. 


1 Die mittleren Felder [e(p)J aller in dieser Arbeit dirckl gefundcnen Pro- 
zentzahlen (p) sind berechnct aus der Formcl 

« (p) - ± | /p <»oo— n) . 

wo n die Gesanitzabl der Falle isl. Der miltlcre Felder c(pj — p,) der Diffe- 
renz Pi— p a zweier Prozentzahlcn, z. B. von p, und p t , 1st andererscits so 
gross vie die Quadratvurzei aus der Summc der Quadrate der mittleren Felder 
des Subtrahenden und dcs Minucnden, d. Ji. 


e (Px — ft) = ) ; e ! ( Pi ) + ( Pl ). . 

Urn zu beurteiien, ob die Differenz zweier gefundener Prozentzahlcn wirk- 
heh ist Oder ob sie sich verandern konnle, falls uns cin anderes Material zur 

““ iC " '°' ee " dC 8d,rS ’ ,d " id1 ' rt«ls.bd«. 

1. AVenn das Verhaltnis der Differenz der Prozenlzalden zum mittleren 

Felder dcs Untcrscbieds 

2 ^ 3 ist, bedeutet dies cin sichcrcs Ergebnis, 

— 3—2 t — cin tuahrschcinlic/ics Er- 

3. __ gebnis, 

4. „ _ ^ ’ e ' u miiglichcs Ergebnis, 

" ' * > (lass koine eigentlicbc 

Differenz vorliegt. 
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Tabelie 


Alter 

Ju lire 

Gc- 

sclilccht 

ZnM der 
Unter- 
suchtcn 

A t i o- 

Syphilis 

Syphilis + 
i lyperUmit 

Aortitis 

Zosaimncti 

Syphilis 

Aortitis 

Aorten- 

sufti- 



[ Anzahi 

O' 

/o 

Anzahi | 

0 — 


I 1 


H 

— 

■M 

BH 

20— 20 





3 

fl 


30 — 30 



10 | 


10 


4 

10 10 





0 


2 

r>0+ 

o ! 

bbis 


wBm 

2 


2 

ZusammenJ 

0 

103 

21 


21 

20.0 

8 

0—10 

0 

< 1 

■ 





20 — 20 

0 

t 


• ' B 

B 


B 

B 

:io— 30 

9 

1 

ii 


ii 


3 

10 10 

o 


7 

i 

8 

fl 

2 

50+ 

o 

■t 



3 

8 

PPfllli 

1 

Zusnnuncn 

0 

•f 

01 

23 

l 

27 

28.7 

6 

Surtmie 

O + ? 

100 

•M 

•1 

48 

j 21.1 

“ 1 


*/. 

60 

50 

U0 

30 

20 

10 





ha 

inn 


— 





1 







r~‘ 

' 





n_ 




; 











r 




L_ 


Mer 10 20_ 30 AO 50 60 70 lahre 
— fiannar Frauen 

Abbildung 10. Die Aortcnfclilcr 
zusninnien. 



Alter 10 20 30 ID 50 60 70 Jahre 
— Manner Frauen 

Abbildung 11. Die Aortitiden. 

























12 . 

der Aortenfchler. 


Aorten- Syphilis 
klappen- 

insuffizienz 

Zusanimen Aneurys- 


Anzahl Apzali] 


Aucurysnia + 
Aortenklappen- 
insuffizicnz 


Ancurysina 
uiid Ancu- 
rysina + 
Aortcn- 
klappcn- 
insuffizienz 
Zusaimncn 

Aortcnfclilcr 

Zusanimen 

AnzaliJ % 

Anzahl % 


ii-yfMt 


4 f 6 I 24.0 
9 I 17 I 16.2 


2 6.1 

8 21.2 

3 12.0 


Hi 


Bins 


^lister 0 t° 5 ° f 60 70 ^ 

Abbildung J2. Die I,™" - 

"ooltlztaKa,. ' Alibi Id img 13 £);. \ 

- — 

Aticurysnui aorta, ,, Mo , "«n 2 » TOn . 
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Vcrglcich fiber (lie 


Tabelle 13. 

Haufigkcit der kardiovaskularen Lues in einigcn Landern. 


Autor Land Jain 


Anliluc- 

Grosse und Art tischc 

des Materials Beliand- 1_lauI) gkeit der kardiovaskularen Lues 
lung 


Bruus- Norwcgen 1928 
GAARD, E. 


473 Syphilispatien- Koine 
ten 


12.8 % 


Strelo’\v,K. Den Is ch- 1921 
land —25 


1,112 Lucspatienlen Kcine 


12.3 % 


eincs Krankenh. I. 
innere Medizin 


Bruhns, C. Dcutsch- 192C 
land 


129 Paticntcn eincs Koine 
Krankcnli. f. Haut- 
kranklieiten 


23.3 % (sicliere + wahrscheinliche 
suspekle zus. 38.8 %) 


Turner, T. U.S.A. 1930 


10,000 

ticntcn 


Svphilispa- 


Wci s.se/f nnCr 8 - ?% l 7. 
^Frauen 4.8 %\ 

_ T (Manner 1 7.9 %| . . 

Ncgcr < '°> 11 . 

1 Frauen /.2%| 


Maynard, U.S.A. 
Jr. ct al. 


' 340 Syphilispatien- 
ten (des Brooklyn 
Hospital) 


41.9 % 


Cole und U.S.A. 
Usilton 


0,253 Syphilispatien- Kcine Aortitis klapgS'n- Aneurysma 

ten (der sufffzicnz 

grosstc Wcissc 3.7 3.4 0.7 1 

Teil) Ncgcr 10.4 7.2 3.1 , 


Vonder- U.S.A. 1930 

LEHR, R. 

et al. 


399 bci eincr Mas- Kcine 
senunlcrsucbung 
festgcstellte KR-po- 
sitive Syphilispaticn- 
ten (Ncger) 


7.7 % luit Lucsinfektion vor 3 J 


14.9 % 


Kemp und U.S.A 
Cochems 


aijala, P. 



1,000 Syphilispatien- Kcine 
ten des Public Health 
Institute 



1 99 bci systemati- Kcine Aortitis 24.1 % 

seller Untersuchung (der Aortcnklappcninsuf- 14.1 % ^5 70 ^ 

an ciner medizini- grosste fizienz 

schen Poliklinik fest- Teil) Aneurysma 7.5 % . 

gcstcllte AVR + oder 
KR + Oder MBR II 
+ Sypliilispatienten 
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Die auslandische Litcratur bietet zahlreichc 

iiber die Frequent der Forscher . 

gleiche ich meine eigencn r S e . , j j n j e d C m von 

ts *r^K=^= 

V Ts r Z"» k uBrer Lues Leidcnden verleitt rich 
iu meinem Material zicmlich glcicluniissig auf die Jalire zwisclien 
30 uud 00. Patienteu unter 30 sowie fiber 00 . Jaten , smd nur 
snarlich anzutreffen. R. Sievers hat aus Fmnland (1902) / luetisc 
Aortitisfalle veroffentlicht, wobei es von Intercsse ist, class cinci 
seiner Falle iiber 50 Jahre und die andcren 38—44 Jahre alt varen. 
Im grosscn nnd ganzen also dicselbe Altersverteilung wic bci 
meinen karcliovaskularen Luespatienlen. Die auslandisclien For- 
scher geben ebenfalls an, dass bei den 40- bis oOjalirigcn am moisten 
kardiovaskulare Lues zu finden ist (u. a. Moore, Daxglade und 
Reisinger 1932, Kemp und Cochems 1937, Kampmeier 1938, 
Wile und Snow 1938). 


Die Bcziehung zwischm der anliluctischcn Thcrapie und dcr Enl- 
wicklung der kardiovaskularen Lucs. 

Durch Tabelle 14 soli veranscliauliclit werdcn, wie die anli- 
luetische Tlierapie auf die Entwicldung der kardiovaskularen Lue- 
eingewirkt hat. Nur ein gcringcr Tcil meiner Falle hat iibcrhaups 
antiluetische Behandlung erhalten. Sind einem Patienlen mint 


Tabelle 14. 

Die Bezichung dcr Entwicklung der kardiovaskularen Syphilis zur anti- 

luetisclicn Behandlung. 






Ancurvsmcn und 


1 

Thcrapie (vor dcr 

Zald 

AortiUdcn 

Aortenklappen- 

Zusammen 1 

Feststcllung der 

dcr 



insuffizienzen 



Krankheit) 

Failc 







Anzalil 

0/ 

to 

Anzalil 

O' 

/O 

Anzalil 

O' 

/O 

Keine 

155 

37 

23.9 

31 

• 

21.9 

71 

45.8 

Unvolistandige . . 

38 

8 

21.1 

9 

23.7 

17 

44.8 
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destens 30 Injektionen Neosalvarsan + Sclnvermctall-, Wismut-oder 
Quecksilbersalz gegeben worden, so nehme ich an, dass er eine 
vollstandige Kur bekommen hat. Eine weniger umfassende Be- 
handlung betrachtc ich als unvollstandig. 

Wir bemerkcn, dass sich die kardiovaskulare Lues hei den unbe- 
handelten Patienten in gleichem Umfang wie bei denen mit unvoll- 
standiger Therapic cntwickelt hat. Ober die mit vollstandiger anti- 
Iuetischer Tlierapic ])chandeltcn Patienten iasst sich in dieser Be- 
ziehung wegen der Knappheit meines Materials nichts aussagen. 
Es gibt Forscher, nacli deren Ansicht sogar eine unbedeutende 
antiluetisclie Therapie einigermassen liemmend auf die Ent- 
stehung luetischer Aortenfehler eimvirken wiirde. So soli die 
Tendenz dieser Wirkung giinstig sein (Heller 1922), wahrend 
nach der Meinung anderer Forscher eine ungeniigende antilue- 
tische Behandlung sich umgekehrt in der Weise aussert, dass sie 
die Zeit zwischcn der Primarinfektion und dem Auftreten der kar- 
diovaskularen Symptome verkiirzt (Wilmanns 1925, Jungmann 
und Hall 1926). Mein Material gibt lceine weiteren Aulschliisse 
iiber die zulctzt erwahnte Frage. 


Die Ncurolues im Zusammcnhang mit luciischcn Aorienjehlern. 

Die Haufigkeit der im Zusammcnhang mit luetischen Aorten- 
fehlern vorlcommenden Neurolues ergibt sich aus Tabelle 15. 

Aus Tabelle 15 wird ersichtlicli, dass 60 % aller mit einem 


Tabelle 15. 

Die Ncurolues im Zusammcnhang mil luciischcn Aorlcnfelilern. 


Diagnose 

Zahl der 
Fallc 

Neurolues 

Anzahl 

% 

Aortitis 

48 

33 

69 

Aortenklappcninsuffizienz 

25 

15 

60 

Aneurysma und Aneurysma -f Aortenldap- 




peninsuffizicnz 

13 

4 

30 

Zusammen 

8G 

52 

60 
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Aortenfehler behafteten Patienten aucli an Neurolues Ieiden. In 
dem welter unten folgenden Kapitel liber Neurolues wird sich 
herausstellen, dass Neurolues in meinem ganzen Material im gleichen 
Masse (d. h. in 61.2 %) anzutreffen ist. So findet sicli bei Aorten- 
lues also Neurolues nicht mehr und nicht weniger als bei andercr 

Lues. 

1930 1936 konstatierten Wile und Snow bei 210 Patienten 

mit kardiovaslcularer Lues eine Abnormitat der Pupillen in 
23 %, und die 73 Aortenaneurysmapatienten Cole’s und Usilton s 
batten in 31 % Neurolues. Die auslandischen Forscber habcn also 
bei Patienten mit Aortenlues weniger Neurolues fcstgestellt als 
icb. Hierauf werde icli spater zuriickkommen. 


Die Hyperionic bei Spatlucs. 

Tabelle 16 und Abbildung 14 veranschaulichen die Hyper- 
tonic bei. meinen Spatluespatienten. Als Hypertonic babe icb in 
Obcreinstimmung mit mebreren Forscbern einen Blutdruck liber 
140/90 mm Hg betraebtet (u. a. Allen und Musser, Faught, 
Robinson und Brucer). 

Meine Spatluespatienten haltcn also sijstolischc Hypertonic in 
27.1 % und diaslolischc in 21.1 %. Bei den Manncrn und Frauen 
trill Hypertonic im gleichen Masse auj. 

Bei uns bat Kerppola (1930) nachgewiescn, dass Tabetikcr 
eine Neigung zu erliohtem Blutdruck habcn. Brin und Geroux 
haben eine Zusammenfassung gemacht und konstatiert, dass dcr 
prozentuale Anteil der Syphilis an der Hypertonic in dcr Lilcralur 
zwischen 18 und 90 % sebwankt. Dock begegnet man Forscbern, 
nach denen die Lues iiberbaupl nicht oder nur in massigem Grade 
Hypertonic im Gefolge bat (Ciiiappini 1926, Wolff 1926). 

Abbildung 15 zeigt den durebsebnittlieben systoliseben Blut- 
druck meiner Spatluesfalle im Vergleich zu dem durcbscbnilt- 
c len systoliseben Blutdruck, den Robinson und Brucer (1939) 
bei 7,478 nichtsyphilitischen Manncrn fanden. Der durcbsclinitt- 
icbe Blutdruck ist mithin bei meinen Sypbililikern holier als bei 
den Nicbtsypbibtikern. 
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Es scheint, dass die Spatlues in meinem Material auf die eine 
oder andere Weise eine Erhohung des Blutdruckes verursacht hat. 


Tabelle 16. 


Der Blutdruck bei Spatlues 
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Tabelle 17. 

Die subjektiven Bescinverden bei Aortenlues. 


Bescinverden 

Aortitis 
(48 Fiiile) 

Aortenklappenin- 
suffizienz (28 Faiic) 

Apeurysma 
(15 Faiic) 

Zahl 

der 

Fiiile 

Faiic 

in % 

Zahl 

der Faiic 

Faile 
in % 

Zahl 

der 

Faile 

Faile 
in % 

Keine Bescinverden 

25 

52 

1 

4 

1 

7 

SLcnokard. Sclimcrzcn .... 

10 

33 

16 

57 

9 

60 

Atcmnol 

3 

6 

24 

80 

12 

80 

Hcrzkiopfcn 

0 

13 

7 

25 

4 

27 

Hus ten 

— 

— 

2 

7 

4 

27 

Schwindel 

1 

2 

1 

4 

1 

7 

Brenncndc Scluncrzen .... 

1 

2 

— 





Heiserkcit 


— 

— 

— 

2 

13 


Rosen, Williamson und Lingo 1935, Paullin 1937, Wilson, 
Jr. 1937, Wile und Snow 1938). Audi meine Untersudiungen 
zeigen, wie widitig es ist, iiber das Vorliandensein einer asympto- 
matisdien Aorlitis Besdieid zu wissen. 

Wenn cine unkomplizierte Aortitis Bescinverden hervorgerufen 
hat, sind dicse hauptsadilich als stenokardisdie Sdimerzen auf- 
getreten. Soldie Schmcrzen haben 33 % der Patienten gehabt, 
und sie sind vorzugsweise prakordial gewesen. Jagic und Zimmer- 
mann — Meinzingen geben stenokardisdie (prakordiale) Sdimer- 
zen bei ihren Aortitispatienten in 50 %, Hochrein in 40 % und 
Moore, Danglade und Reisinger in 17.9 % an. 

Im Gegensatz zh den unkomplizierten haben die komplizierten 
luetisdien Aortenprozesse in bedeutendem Grade Besdiwerden 
ausgelost. Bei den Patienten mit Aortenklappeninsuffizienz und 
Aortenaneurysma liessen sie fast die gleiclie Beschaffenheit und 
Frequenz erkennen. Von diesen Besdiwerden steht an erster 
Stelle Dyspnoe, die viberwiegend durch kardiale Dekompensation 
verursacht war; sie war in 80 — 86 % anzutreffen. Die zweite 
Stelle nahmen die stenolcardisdien Sdimerzen ein, die in 57 — 60 % 
vorkamen. Von Kampmeier (1938) wurden bei Fallen von Aorten- 
aneurysma Sdimerzen in 60 % und von Glendy, Castleman und 
White (1937) ebenso bei dem grossten Teil ihrer Patienten kon- 
statiert. 
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Die Dauer der in der Anamnese auftretenden Besclnverden 
erhellt aus Tabelle 18. 


Tabelle 18. 

Die Dauer cler Besclnverden (in Jalircn) vor der Diagnose. 


Besclnverden in 
der Anamnese 

Aortitis 

Dauer der Besclnverden 
in Jalircn 

Aortcnklappcn- 

insuttizienz 

Dauer der Besclnverden 
in Jalircn 

Ancurysma und Ancu- 
rysma -f- Aorten- 
klappcninsuffizienz 
Dauer der Besclnverden 
in Jalircn 






■ 

n 

A 


Liing- 

stc 


Schmerzcn 

2/12 

10 

1 2 

0/12 

6 

3 

1/12 

3 

2 

Atcmnot 

6/12 

10 

6 

3/12 

1-i 

•1 

3/12 

1 

2 

Herzkiopfen 

6/12 

10 

4 

6/12 

l-i 

6 

6/12 

•1 

2 

Huslen 

— 

— 

— 

6/12 

3 

16/12 

3/12 

26/12 

i 

Sclnvindel 

Brenncndc Sclnncr- 

3/12 

3/12 

3/12 

3 

3 

3 

3/12 

3/12 

3/12 

zen 

— 

— 

— 








Hciscrkcit 

— 

— 

— 

— 

— 

— 

1/12 

•i/12 

2/12 


Sowolil m den unkomplizicrlen als den komplizicrl.cn Fallen 
bestanden vor der Fcstslellung der Krankheil durchsclmittlich 
2—1 Jab re Besclnverden von der Krankheit, aber die Anamnese kann 
auch sebr leurze Zeit, nur 1-3 Monale, umfassen. Mnnclie Aorlcn- 
fade konnen in bezug auf den Krankheilsverlauf vom Beginn der 
subjektiven Besclnverden an sebr bosarlig sein. Dabei kann der 
. . dem cmcs Kar ^nonis gleicbgestclll werden. So finden sicb 

" meinem * IatcnaI cin Aneurysmafall und 2 Falle mil Aorlcn- 
Uappeninsuffizien* (Fail 91, 82 und 101 in der KasuistiH die 

““ naCl ' dCm AUflr0lC, ‘ C ' Cr sul >jcfclivcn Bcsclnver- 

in 36 ClC ;™ kn ™ komplizierler Aorlcn- 

sttalu .m“ cn * im 

Rosen ' Williamson und Lingo" ’ 
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Tabelle 19. 


IntcrvnJl von der Lucsinfcklion bis zum Bcginn dcr subjcktiven Bcscliwerden und der 
stelhmg der Kranklieit. est ' 



. 

Intcrvall von dcr Primarinfektion (in Jalirenl 1 

. . Diagnose"' 

Tiicrapio 

bis zum Bcginn dcr subjcktiven 
Bcschvcrdcn 

bis zur Feststellung der 
Krankheit - 



In den verschic- 
denen Fallen 

Durchschn. 



Aortitis 

Unvolist. 

~ 


7; 9; 13; 13; 14; 15; 
15; 17; IS; 18; 19; 41. 

16 

Aorlenklappeninsuf- 
fizienz ' 

Unvolist. 

G; 7; 15; 10 0/12; 24; 
31. 

1G 

8; 10; 17; 18; 28; 36. 

19 

Aorlcnklappeninsuf- 

fizienz 

Kcinc 

34; 38. 

3G 

38; 40. 

39 

Anenrysma 

Unvolist. 

19; 21; 21; 27; 33. 

24 

21; 22; 2G; 28; 3G. 

26 , 


B. Das obfcldivc Bild. 

Aus Tabelle 20 "ergeben sich die objektiven Befunde, die im 
Status der Aorletiluesfalle meines Materials anzutreffen sind. In 
Tabelle 21 vergleiclic ich die Befunde, die ich bei den unkomplizier- 
ten Aortitiden konstatiert habe, mil den Befunden auslandischer 
Forscher. 

In meinen Fallen von Aorlenlues findet man ein systolisches 
Aortengerauscli in 68 %, akzenluierten II. Aortenton in 51 % und 
eine rontgenologiscli nacliweisbare Enveiterung der Aorta in 74 %. 
Bei den unkomplizierlen Aortitiden und bei Aortenklappeninsuffi- 
zienz kommt eine Aortendilaiation ungefabr in gleicher Menge vor 
(73 bzw. 61 %). Eine Herzcnveiterung zeigt sicli am hauligsten 
bei Aortenklappeninsuffizienz, ivo ungefabr die Halfte der Falle 
eine solche aufweist. Ein Inkompensationszustand des Herzens 
tritt am meisten bei Aortenklappeninsuffizienz auf (79 %). Meine 
Ergebnisse decken sicli annabernd mit denen der auslandisclien 
Forscher. 

AbbiLdung 16 veranschaulicnt im Rontgenbild die Lange des 
transversalen Durckmessers des Aortenbogens in meinen Fallen 
von Aortenlues, Abbildung 17 die Lange der Aorta ascendens und 
Abbildung IS die Betrage des Kreuzfuchs-Masses. 
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Tabelle 21. 

Die Veranderungen bei den unkomplizierten Aortitiden. Vergleich der Ergebnisse verschierton 

Autoren. keener 


Autor 

Land 

Jahr 

Systol. Aor- 
tengerausch 
% 

M J-H 

N 

o 

3 ° 

vO *-< 

E. ° 

o’ S 

Aorta ront- 
genologisch 
erweitert % 

Herz roiit- 
gcnologisch 
erweitert % 

Romberg, E 

Deutschland 

1918 



Fast immer 


Hochrein, M 

Deutschland 

1931 

70 

80 

100 


Stadler, E 

Deutschland 

1932 

50 




Moore, Danglade und Reisin- 







GER 

U.S.A. 

1932 


25.8 

86 


Maynard, Jr. et al 

U.S.A. 

1935 




32.2 

Kemp und Gochems 

U.S.A. 

1937 
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Wilson, Jr., R 

U.S.A. 

1937 





Wile und Snow 

U.S.A. 

1938 

51 

72 



Maijala, P 

Finnland 

1942 

50 

63 

73 

4 


Im grossten Teil meiner Falle betragt die Lange des transver- 
salen Durchmessers des Aortenbogens 7.5 — 9 cm, die der Aorta 
ascendens 4.0 — 6 cm und Kreuzfuchs 3—4 cm. Mithin sind die 
Masse des transversalen Durchmessers des Aortenbogens und der 
Aorta ascendens durchschnittlich 0.5 — 2 cm und das Kreuzfuchs- 
Mass 1 cm grosser als normal. Die grossten der Masse sind be i 
den 40- bis 50jahrigen anzutreffen. 

Die elektrokardiographischen Veranderungen werden aus Ta- 
belle 22 ersichtlich. Mit Scherf (1937) betrachte ich als normale 
PQ-Strecke 0.12 — 0.20 Sek. und als normale QRS-Strecke 0.05— 0.10 
Sek. Q m fasse ich als normal auf, wenn es unter 25 % von der 
Hohe der grossten R-Zacke betragt. Verlauft ST liber 0.10 mm 
unterhalb der isoelektrischen Linie, so betrachte ich es als er- 
niedrigt. 

Die ST-Strecke weist in bemerkenswertem Grade Veranderun- 
gen auf: sie ist bei den unkomplizierten Aortitiden in 73 %, bei Aor- 
tenklappeninsuffizienz in 63 — 89 % und bei Aneurysmen in 100 % 
erniedrigt. Dagegen lasst die T-Zacke nur selten Veranderungen 
erkennen. Ein Lavogramm ist haufig zu finden. In Fallen, in 
deren Atiologie neben Syphilis eine andere Krankheit, Arterio- 
sklerose, Hypertonie oder Infectio rheumatica vorliegt, kommt 


1-lcrz inkoin- 
pensiert % 





55 


cm 

15.0 

14.5 

14.0 

13.5 

13.0 

12.5 

12.0 
H.5 
11,0 

10.5 

10.0 

9.5 

9.0 

8.5 

8.0 

7.5 

7.0 

6.5 

6.0 

5.5 
5,0 

4.5 


■ 

!■ 

■ 

■ 

i 


1 
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■ 

■ 

B 

fl 
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■ 

B 

B 
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■ 

■ 

1 

B 



■ 

■ 

■ 

fl 

g 



■ 

■ 

■ 

B 

B 



m 

■ 

■ 

B 

B 
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Maximale Grossc des 
transversalcn Durch- 
incssers des Aortcn- 
bogcns bei gesundcn 
Manncrn (Kemp- 
Cocuems) 


Maximalc Grosse des 
transversalcn Durcli- 
mcsscrs des Aorlcn- 
bogens bei gesundcn 
Frauen (Kemp- 
Cochems). 


Abbildung 16. 


Attar 10 20 30 40 50 60 70 80 Jahre 
c?“ • ?“* 

Die Grossc des transversalcn Durelnnesscrs des Aortcn- 
bogens in den Fallen von Aortcnlues. 


ofter ein Lavogramm vor als in den ausschliesslich durcli Syphilis 
verursachten Fallen. Andersartigc Ekg-Veranderungen sind nur 
in unbedeutendem Masse vertreten. So war PQ nur in 3 Fallen 
verlangert, Q ni war in einem Fall zu lief, und Vorhofflimmcrn 
wurde desgleichen in cinem Fall beobaclilet. Ini allgemcinen 
bestanden in meinen Fallen von Aortcnlues inehr Ekg-Verande- 
rungen als in denen mancher anderen Forseher (Juster und Pardee, 
Maynard, Jr., Curran, Rosen, Williamson und Lingo). 
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Grosse dcr Aorta as- 
cendcns bei gesunden 
Individucn (Lipp- 
mann-Quhung) 


filler 10 20 30 40 50 60 70 80 Jahre 
<?=• ?=x 

Abbildung 17. Die Grosse der Aorta ascendens in den Fallen von Aortenlues. 


Aus Tabelle 23 ersehen wir di.e Ergebnisse der Luesreaktionen 
im Blute. Die Tabelle zeigt nicht, in welchem Grade die verschie- 
denen Luesreaktionen positiv oder suspekt sind, da ich die sero- 
negative kardiovaskulare Lues nicht in mein Material aufgenom- 
men habe. Doch ist aus der Zusammenstellung zu entnehmen, 
dass WR I in meinen Fallen von kardiovaskularer Lues in 46 — 73 % 
positiv, in 13 — 18 % suspekt und in 13 — 36 % negativ ist, je nach 
der Art der kardiovaskularen Lues. Mithin kann WR I auch in 
schwereren Fallen von Aortenlues negativ sein. Bei WR II, KR 
und MBR II kommen ebenfalls negative Resultate vor, wiewohl 
in geringerem Masse als bei WR I. 
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Maximale Grosse des 
Kreuzfuclis-Masses bei 
gesunden Individuen 


Abbildung 18. 


hirer iv c.u w — — - 

(?*• ?=X 

Die Grosse des Kreuzfuclis-Masses in den Fallen von 
Aortenlues. 


Diese Ergebnisse sprechen fur die Auffassung der Serologen, 
dass die Ausfiilirung melirerer serologischen Reaktionen notwen- 
dig ist. 


Zusammenfassung. 

Bei den Spdiluespalienten findet man in Finnlaiid Aorlcnfehler 
in 45.7 %. Von diesen haben unkomplizierte Aorliiiden 24.1 %, 
Aortenklappeninsuffizienzen 14.1 % und Aneurysmen 7.5 %. 
Aortenaneurysnien sind ivahrscheinlich bei den Mannern mehr als 
bei den Frauen anzutrefjen. Andere Aortenjehler kommen dagegen 
bei den Mannern und den Frauen ziemlich gleich liaujig vor. 

In Finnland entwickelt sich bei den Luespatienten, die keine 
oder unvollstandige anliluelische Behandlung erhallen haben, Aortcn- 
lues mil grosserer Frequenz als in Norwegen, Deutschland und USA. 

Das Alter der an Aortenlues Leidenden hat ziemlich glcichmassig 
zwischen 30 und 60 Jahren gelegen. 

Unvollstandig durchgefuhrte antilueiischc Therapie scheint auj 
die Eniwicktung der kardiovaskularen Lues weder hemmend noch 
fordernd einzuwirken. 
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In irgendeiner Ab- 
Ieitung 




Im Zusammenhang mil Aortenfehlern kommt Neurolues in 
60 % uor. 

Bei den Spatluespalienien findet man systolische Iiypertonie 
in 27.1 % und diasiolische in 21.1 %. 

Von den an unkomplizierlcr Aortiiis leidenden Paiienten hatte 
jeder zweite keine auf eine Erkrankung der Kreislaufocgane hin- 
weisende subjektive Beschwerde. Wenn eine unkomplizierte Aoriitis 
Beschwerden verursacht hat, traien sie hauptsdchlich unter der Form 
von stcnokardischen Schmerzen auf. Die komplizierlen Aorlenfehler 
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dagegen losten in grosser Menge Beschwerden, besonders uiiler der 
Form von Dyspnoe und slenokardischem Schmerz ans . Sowohl 
in den Fallen von unkomplizicrten als von komplizicrien Aorten- 
prozessen belrng die Dauer der subjekliven Beschwerden vor der 
Feststelliing der Krankheil diirchschnUllich 2 — 4 Jahre, dock konnle 
sic auch sehr kurze Zeil, nur 1 — 2 Monale, umfassen. 

Mein Material enthall einen Fall mil Aneurysma und 2 Fiillc 
mil Aorlenldappeninsuffizicnz, die innerhalb 4 Monale nach deni 
Beginn der subjekliven Beschwerden an ihrer Krankheil starben. 
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Tabelle 23. 

Die Ergebnisse dor serologischcn Luesreaktioncn des Blutes bei kardiovasku 

larerLucs. ----- 




Zahl der un- 
tcrsuchten 
serologischcn 
Reaktionen 


Ergebnisse - - 

= - 

Posit. (+) 

Susp. (± und 
--?) 

. Negat. 

An- 

zahl 

°/ 

/o 

An- 

zahl 

0/ 

/o 



An- 

zahl 

% 

Aortitis (48 
Falie) 

AYR I 

\VR II 

ICR 

.AIBR II 

48 

48 

48 

40 



I 

1 

I 

29 

19 

8 . 

5 

Aorlenklappen- 
ipsuffizienz 
(28 Fiillc) 

AVR I 

\VR II 

KR 

MBR II 

28 

28 

28 

24 

13 

14 

26 

20 

46 

50 

93 

83 

5 

8 

18 

29 


36, . 

21 

7 

17 

Aneurysma und 

’ 








Aneurysma + 

AVR I 

15 

11 

73 

2 

13 

2 

13 

Aortcnldappen-. 

TO II 

15 

12 

80 

3 

20 

— 

— 

insuffizienz (15 

KR 

15 

14 

93 

— 

— 

1 

7 

Fade) 

IUBR II 

V 

13 

12 

92 

— 

— 

1 

8 


NB. Endocarditis knta bei 1 Pat., Infectio rheum, bei 2 Pat. 


Miihin ist der Verlauf der Krankheii ein sehr maligner ge- 
wesen. 

Von der Primarinfektion bis zum Aujtreten der kardiovaskularen 
Sympiome sind 16 — 36 Jahre versirichcn. 

In den Fallen von Aorlenlucs war die Aorta auf dem in iy 2 m 
Fokus-Filmabstand aufgenommencn Ronlgenbild durchschniitlich um 
0.5 — 2 cm erwciicrl und das Kreuzfuchs-Mass um 1 cm verlangert. 
1m Ekg waren in erhebliehem Masse Veranderungen festzustellen. 
So war die ST-Sirecke bei den Aortitiden in 73 %, bei den Aorten- 
klappeninsuffizienzcn in 63 — 89 % und bei den Aneurysmen in 
100 % erniedrigt. 

Schliesslich sei erwdhnt', dass die klinischen Diagnosen in den 
10 Fallen, in denen eine Obduktion ausgefiihrt wurde, jast in feder 
Beziehung mil den Obduktionsdiagnosen ubereinsiimmten. 
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Die neurologischen Veranderun&en. 

T. Methodik. 

Ausser der Anamncse und einer klinischcn Untcrsuchung babe 
icli bei 193 der belrcffendcn 199 Spallucspalientcn eme Unter- 
suchung des Liquors ausgefiihrt. Dieser Avindc durch Lumbal- 
punklion cntnommcn. Damit die Palicnlen nach der Punktion 
keine Kopfschmerzen bekommen solllen, entnahm ich sehr venig 
Liquor und liess die Paticntcn danach in der Poliklinik zuersl zwei 
Stunden auf dem Bauch und darauf noch cine Stundc auf deni 
Riiclcen liegcn. Hicrnacb durftcn sic in ilire Wohuung gclien mil 
der Auffordcrung, bis zuni . folgenden lage im Bell zu ])IeiJ>en. 
Heftigcrc Kopfschmerzen haben nach der Punktion nur -1 Pat ion- 
ten gchabt. 

An der Lumbalfliissigkcil wurden folgcnde Untersuelumgen 
ausgefiihrt: 

1 . Ehveissbcstinnmingen. 

2. Eine Zablung der Zellcn. 

3. Scrologiscbc Lucsrcaklioncn und Kolloidreaklionen. 

A. Zuckcrbesliinnningcn. 

1. Eiweissbeslimmungen. Die Eiweissunlersuchungen der 
Lumbalfliissigkcil machlc icli sofort nach der Punktion mil HiJfe 
der Paudy- und der Nonnc-Reaklion. Diesc sind sebon urspri'mg- 
bch so eingesteUl, dass sie im uormalen Liquor ein negatives Resul- 
lat geben. Jedoch ist feslgeslelll worden, dass die Pandy-Ronktion 
auch untcr physiologiscben * VcrbaKnisscn initutilor eine ebon 
Avahrnebrnbare Opaleszcnz gibt. Aus diesem Grunde imho ich 
cine ebon Avahrnehmbare Opaleszenz ais negativ hetrachtet. Eine 
deutlichc Opaleszenz babe icli mil Pandv± bmnehncl, Triibung 
oder Niederscblag mil Pandy-f- bzw. J-j-. 

2. Zablung der Zellcn. Levisox (1919) betrachlel als normale 
Zellzabl des Liquors 4—6 je mm 1 2 3 und als palhologischc erst liber 
10 Zellcn je cm 3 . Nach spalcron Farschern ist die Zellzabl des 
normalen Liquors kleincr. So cnlh" : > n : n 

Neels (1928) der normale Liquo n 

und Demme halt (1935) die Ze 
Avert. 
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Ich liabe als normale Zellzahl in Obereinstimmung mit Demme 
bis 8/3 (= 2.7) Zcllcn je mm 3 angcnommen. Bei meinen Unter- 
suchungen wurde die Zahlung der Zeiien soforl nach derPunktion 
mil eincr Tiirkschen Zahlkammer ausgefuhrt. 

3. Scrologischc Luesrcaktionen und Koiloidreaklionen. Die 
Wasscrinann-Reaklion ist im Liquor in bezug auf die Lues weit- 
geliend spezifisch. Unspczifische positive Wassermann-Reaktionen 
konunen nur bei Lepra, Frambosie und Trypanosomiasis sowie 
mcigli.chcrweisc bei luberkuldser und eilriger Meningitis vor. Die 
Miillcrscbe Balhingsreaktion ist ini Liquor gleichfalls weitgehend 
spezifisch. Die in der Praxis iibliciien Koiloidreaktionen sind so 
eingcstellt, dass der normale Liquor in beliebiger Verdiinnung ent- 
wcder keine odcr nur geringfiigige Veranderungen zeigt (Demme 
1935). 

Bei meinen Untcrsuchungen wurde sowolil die gewohnliche 
als die mit cholcstcrinisiertcm Extrakt sensibilisierte Wassermann- 
Reaktion gepriift. Die Technik war dieselbe wie bei der Unter- 
suchung des Serums, nur waren die Liquormengen niclit die gleiclien 
wie hicr. Die Zerebrospinalflussigkeil wurde unverdunnt in einer 
Mcnge von 1.0 und 0.5 cm 3 (Gcsamtmenge 2.5 cm 3 ) angewandt. 
Da dcr Liquor kein Blut enthielt, wurde cr gewohnlich aktiviert 
benulzt. Gcntigle die Mcnge der Lumbalfliissigkeit, so wurde die 
Miillcrscbe »Ballungsreaktion 1I» nach Mullers Originalmethode 
gepriift, desgleiclien die Mastix- und Goldsolreaktion. Die Ergeb- 
nisse der Maslixreaktion babe ich nach Art der Resultate der 
Goldsolreaktion durch Ziffcrn bczeichnct, und zwar durch 0—5, 
wobei 0, 1 und 2 bedeuten, dass die Flussigkeit im Rohrchcn klar 
(unveriindert), scbwacb triibc bzw. milebig war, 3, dass ein kleiner 
und 4, dass ein grosser Nicderschlag vorlag, und 5, dass cine voll- 
standige Ausflockung slattgefunden batte. Bei der Beurteilung 
der Mastixreaktion babe ich erst das Vorhandenscin eines kleinen 
Niederschlags (3,000,000,000) als patliologiscb angeseben. Diese 
Untcrsuchungen sind von Dozent Olof Sievers am Serobakteriolo- 
giseben Institul der Universitat Helsinki ausgefiibrt worden. 

4. Zuckerbestimmungen. Der Zuckergehalt des normalen 
Liquors scliwankt zwiseben 45 und 75 mg % (Demme 1935). Bei 
meinen Untcrsuchungen wurde die Zuckerbestimmung in 22 Fallen 
an der Lumbalfliissigkeit nach der Methode von Hagedorn aus- 
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gefiihrt Da alle betreffenden Zuckenverte innerhalb normaler 
Grenzen lagen, 1st es mir nicht angezeigt erscliienen, noch mchr 
Bestimmungen zu machen. 


IT. Ergebnissc. 


Haufigkcit und Arl der Ncurolncs. 


Tabelle 24 zcigt die Haufigkcil der Vcranderungcn ini Zcnlral- 
nervensystem bei den Spatlacspalieni.cn. Die Fade liabe icb nacli 
dem Alter und Gescblccht sowic ausserdem danacli gruppiert, ob 
die Zerebrospinalflussigkeil Vcranderungcn auhvies odcr nicht. 
Die Vcranderungcn andererseits babe ich in schwere und Jeichte 
eingcteilt. 

Schwcrc Liquorveranderungen lagen nacli meiner Auffassung 
dann vor, wenn dcr Liquor ausser andcren Vcranderungcn posit iven 
Ausfall ciner odcr bcider Wasserniann-Reaklioncn odcr dcr Miil- 
lerschen »Ballungsrcaktion II» zcigle. Dicser Gruppe babe icb fer- 
ner die Falle hinzugefugt, in denen WR I im Liquor £ war (2 Falle). 

Um Icichlc Liquorveranderungen schien es sicb mir dann zu 
handeln, wenn bcide. Wasscrmann-Reaktionen und die Miillersche 
»Ballungsreaktion II» negativ waren, aber der Liquor nnderc Ver- 
anderungen zcigle: Vcrmebrung des Eiweisscs odcr der Zcllcn odcr 
deutliche Vcranderungcn in der Maslixreaktion. Diese Griqqic 
babe icb jcnacbdem.ob mil den Liquorveranderungen Pupillen- 


und Rcflcxstorungcn kombinierl waren odor nicht, in zwei Unter- 
gruppen eingcteilt. Zu dcr crslen von dicson geboren 29 Falle. 
Neben den Pupillen- und Reflexsldrungen war in alien diesen 
Fallen das Eiwciss des Liquors vermehrl und in 17 Fallen nucb 
cbe Zcllcn, oft sogar betraebtlieb. Alle derarligcn Falle babe icb 
als solche von sicherer Ncurolues aufgcfasst. Das AdikscIic Syndrom 
kann ja auch niebt in Bctracbt Jcoinincn, da in samtliehen 
Fallen Liquorveranderungen beslanden (Bergmauk). Zu der 
zwei ten Unlcrgruppc geboren 17 Falle, in denen alien sowold das 
Eiwciss des Liquors als die Zellmcnge erhbhl waren, aber Pujiillen- 
md Rcflcxstorungcn fcMten. Die Liquorvcrumlcrungcn flioscr 
Falle konnen nicht olmc wcitcres auf I.ucs zuriickgcfuhrt wmlen. 
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Tabelle 24. 

Die Haufigkeit der Neurolues. 


Alter in 
Jaliren 

Gcsclilcchl 

Zalil der 
UntcrsuclUcn 

Neurolues mit 
sclnveren Liquor- 
veranderungen 

Neurolues mit leichten 
Liquorveranderungen 

Neurolues ohne Liquor- 
veranderungen 
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31 
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1 
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18 
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1 
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14 
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13 
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8 
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- 1 

5 
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18 

m\ 
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O 
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91 

29 

1 

30 

32.9 

10 

9 

25 

27.5 

3 

3.3 

58 

63.7 

Sumir.e 

5+ $| 

193 

63 

2 

65 

33.7 

29 

17 

40 

23.9 

7 

3.6 

L18 

61.2 


moglicherwei.se sind sie durch eine andere Krankheit hervorgerufen 
worden. Indessen habe ich auch die letzterwahnte Gruppe zu den 
durch Lues verursachten Veranderungen im Zentralnervensystem 
gerechnet, da ich in den meisten Fallen keine andere Atiologie habe 
finden konnen. 

Die Neurolues okne Liquorveranderungen bi.ldet die dritte Gruppe. 
Es liandelte sich um Falle mit Schwindel und Kopfschmerz, in 
denen diese Symptome nach Verabrei.chung spezifischer Therapie 
aufhorten. Sol cher Falle waren 5 zu zahlen. Ausserdem habe ich 
mi.t dieser Gruppe eineri Fall von Opticusatrophie und auch einen 
anderen Fall vereinigt. Dieser letztere, eine 71jahrige Frau, bei der 
die Luesreaktionen i.m Blut positiv waren, hatte nur Pupi.Uensto- 
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rungen und gcsctavachtc Patellamdcxc. Hicr konntc cs sich um 

das AdiescIic Syndrom liandeln. 

Bci den an Spallucs Icidenden Palicntcn kommen Vcrandcrungen 

im Zeniraln ervensysl cm zusanirncn in 61.2 % vor. 

Neurolues mit ausgepragten Liquorvcrandcrungen findet man 
in 33.7 %, mit leiclitcn Liquorvcrandcrungen in 23.9 % und olme 
Liquorvcrandcrungen in 3.6 %. Bci den Manncrn und Frauen 
Ireten Veranderungen im Zcniralncrvcnsystcm mathcmalisch 
betraclitet in gleicher Menge auf. Nelson und Crain (1938) 
envahnen, dass kliniscli fcstslcllbare Neurovcranderungcn bci 
lueskranken Frauen dcutlicli weniger als bci Manncrn vorkommen. 
Meinc Bcfundc hinwiedcr zeigen, dass, wenn man seine Unicr- 
suchungen weitcr fuhrt, bci beiden Gescbiccbtcrn Ncurovcrande- 
rungen im gleiclicn Masse anzutreffen sind. Die Frauen habon also 
nur auffalligere Neurovcranderungcn weniger. In bezug auf das 


Tabelle 25. 

Die Hfiufigkcil. der Neurolues in cinigcn Liindern. 


hHHHH 




Neuro- 

Autor 

Land 

•Jahr 

Griisse und Art dcs .Materials 

lues in 

O' 

/O 

Guldberg, G 

Norwcgcn 

1890— 1930 

•181 bci der Obduklion feslge-stelllo 
Syphilisffdle 

13.53 

Nickel, II 

Deutschland 

1007—1933 

827 bci der Obduklion fcstgestcHlo 

30.07 




Syphilisfallc 


Romberg, E 

Dcutscliland 

1018 

995 an einerinternen Klinikfestgestelltc 

33.7 




Syphilisfallc 


Streloav, K. . . . . 

Deutschland 

1921—1925 

1.112 Syphilisffdle einerinternen Klinik 

31.2 

Melchior, L 

■Moore, J 

Daneniark 

19M— 1920 

358 bci der Obduklion festgest elite 
Sypbllisfalle 

21.0 

U.S.A. 

1935 

399 bci ciner MasseminterMirhiing fest- 
geslellle KR-positive Svpliilisfrdle, die 
keiue antiluetisrbe Behandlung bekom- 
men batten (Neger) 

25.0 


VONOEULEUR, R. . . 

U.S.A. 

193G 

20.1 

Parrax, T 

U.S.A. 

1937 


Hjelmman, J 

Mai jala, P 

Finnland 

Filmland 

1892 

1912 

1890 kliniscli festgest elite SyphilisfiUlc 
193 bei systeniatischer Untersuchnng nil 

30.0 

1 1,0 


91.2 



enter inedizinischcn Poliklinik fest- 
gestellte WR-, KR-nnd.MRR II-p„sitIw 
Syjihilisfalic 








GG 

Alin slnnden die. an Neurolucs leidenden Pa lien ten zwischcn 20 
mid GO Jnhron. In keiner Allcrsgruppe ist Neurolucs in grdsserer 
?*rengc als in den anderen y.u konstaticrcn. 

Aus Filmland liegt von friihercr Zeil her cine Arbeit iiber die 
Hiiufigkeil dcr Neurolucs vor. Sic stamml von Hjelmman (1892), 
(lessen 1SG0 Fallc lertiarer Syphilis uinfassendcs Material zu 14 % 
Gehirnsyphilis cnthiell. Indcsscn liisst sich scin Ergcbnis nicht 
genau mil dem meinigen vcrglciclicn, veil bci den Patientcn seines 
Materials die Zcrebrospinnlfliissigkeit nicht unlcrsucht worden isl. 

I iu auslandischcn Scliriftlum begegncl man mehreren Angabcn 
iiher die Haufigkeit dcr Lues des Zentralncrvcnsystcms. In Tabclle 
25 stelle ich die Untersuchungscrgcbnisse aus einigen Landern 
7,usamnien. 

Wic man sichl, cnlwickclt sielt in Filmland bci den nicht und den 
unvoUslandig mil anliludischcr Tlicrapic bchandcllcn Lucspaticnten 
in bcdculaidem Grade mchr Neurolucs als in Nonvcgcn, Deutschland, 
Diincmurk und den Vercinigtcn Slaalcn. 

"The Committee, on Nonspcsific Therapy of Neurosyphilis h 
hat beziiglich der Art dor Neurolucs cine moderne Klassifikation 
aufgestcllt. Bci der Gruppicrung meinor eigenen Fallc nach dcr 
Besehaffcnhcit liabe ich in den Huuplziigcn diese Klassifikation 
befolgl, dabei aber mcine Ivnleilung ctvns vcrcinfacht. Mcine 
Gruppicrung sieht folgendermasscn aus: 

1. Asymplomatischc Neurolucs. 

2. Mcningealc Neurolucs = mindeslens 100 Zellen/mm 3 (Solo- 
mon). 

3. Vaskuliire (rcinc) Neurolucs. 

•1. Tabo-paralytisehe Neurolucs. 

5. Tabes dorsalis (klnssische). 

6. Tabes dorsalis-iihnliche Encephalomyelitis (lcichle Tabes 
dors.). 

7. Parkinsonismus-ahnlichc Neurolucs. 

Aus Tabclle 26 ergibt sich die Haufigkeit dcr vcrschicdcnen. 
Neurolucsarlen in meinem Material. Die moisten Patientcn siud 
lcichle Fallc von Encephalomyelitis mil Pupillenstorungcn und 


1 J. nmcr. xned. Assoc. 109 , 1103 ( 1937 ). 
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a-s s cssrsrcps: 

meningeale and reine vaskularo Neurolues kommcn z.cral.cli glcch 

Vie jfeine Erfahrimgcn fiber die Haufigkcit der ieichten Tabes 
dorsalis decken siolf mit den Untersuclfungsresullaten des Dcutechcn 
Romberg von 1918. Audi in semem Material war (be Tal gu 
artig, und dabei rvarcn nur Pnpillen- and Reflezstorungcn zu 
konstatieren. Andere Neuroluesformen treten in memem Materia 
gleichfalls im grossen und ganzen in demselben Aerhaltms au 
vd& in dem der anderen Forselier (Moore und Faurel 19-8, Coi.e 
und Usilton 1936). 


Die Bcziehung zwischcn der antiluclischcn Thcrapic und der Ent- 
wicldung der Ncurolucs. 

Die Bcziehung der anliluclisclicn Thcrapic zur Haufigkcit der 
Neurolues sowie der versdiiedenen Fornien zucinandcr vird aus 
Tahelle 27 und Abbildung 19 ersichtlich. Die unvollslandig Bc- 
handeltcn haben gewohnlich nur etwa 10 Ncosalvarsan- odcr 
Wi s m u li n j ekl i o ne n bekominen. 


Tabellc 26 . 


Die Fornien tier Neurolues. 


Form der Neurolues 

Im Liquor 
\VR -f-odcr 
mur ii -p 
(f>r> Falle) 

Im Liquor 
\VR —mul 
MBR II — 
(53 Falle) 

Zusammen 
(US Falle) 

- 

An- 

zahl 

O' 

.0 

Au- 

zabl 

B 

Au- 

ral)] 

O' 

,o 

Asvmptomalisch 

S 

1 

10 

18.0 

IS 

15.2 

Meningeal 

15 

1 



15 

12.7 

Vaskular (reinl 

•1 

1 a 

12 

22.0 

10 

13.0 

Tabo-parnlvtisch 

1 

i.r» 

, 

_ _ __ 

1 

0.0 

Tabes dorsalis (klassischel 

3 

•1.0 

T . . 


3 

2.5 

Tabes dorsalis-abnliche leiclitc Fneeplialomyclit is .. 

3-1 


30 

50.0 


5! 2 

Parkinsonismus 

(das Zittern boric durcli Malaria- und anliluclische 
Thcrapic auf) 


1 

1 

1.0 

1 

0.0 
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Tabelle 27. 

Die Bczicliung dcr Enlwicklnng dcr Ncurolues zu der antiluctisclien Beliand- 

lung. 






Neurolues mit 


wmmd 



Ncurolues mit 

lcichtcn Liquor- 




Zalil 

schwcren Liquor- 

veranderungen 

Zusammcn 

Behandlung 

der 

veranderungen 

und olinc Liquor- 




Ffillc 



veranderungen 


wmm 



Anzalil 

Of 

/O 

Anzalil 

% 

Anzalil 

Of 
/ 0 

Kcinc 

150 

54 

3G.0 

34 

22.6 

88 

58.6 

Unvollstandige 

37 

10 

27.0 

16 

43.2 

26 

70.2 


% 

100 

90 ■ 

80 - 

70 

60 

50 

to 

30 j 
20 
I 0 • 




Kcinc Neurolues 



Lciclite Liquorvcrande- 
rungen+Neurolues ohne 
Liquorvcriindcrungen 
Schwere Liquorver- 
anderungen 


Thcraple: Gar Unvoll- 
beine stan- 
dige 


Abbildungl^^as^crlialtn^dcr^nntiluetiscUc^Thcrapl^unador 


Hiuifigkeit 


Bei don nidit antiluetisch Bcliandelten ontwokelt sich Nou™- 
lues mit sclmeren Liquorveranderungen mogicicra 
boi donon, die unvollstandige antiluetiache Therapie erbalten baben. 

36.0 ± 3.9 % - 27.0 ± 7.3 % = 9.0 ± 8.2 %. 

Bei den unvollstandig antiluetiscl. Behandelten ™fctel>t jage- 


gen 


iei aen unvonstau^ .. , . , . T ;„„nrvprnnde- 

walirscheinlicli melir Neurolues nut leicliten L q 
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rungen und olme Liquorveranderungen als bei den nicht anti- 
luetisch Behandelten: 

43.2 ± 8.2 % — 22.6 ± 3.4 % = 20.6 ± 8.9 %. 

Bei denen, die unvollstandige antiluetische Therapie erhalten 
haben, entwickeln sich alle Neuroluesformen zusammen moghclier- 
weise mebr als bei den niclit antiluctisch Behandelten. 

70.2 ± 7.5 % — 58.6 ± 4.0 % = 11.6 ± 8.5 %. 


Die lueiischen Aoricnfchlcr im Zusammcnhang mii Neurolues. 

Die Haufigkeit der in den Neuroluesfallen meines Materials 
vorkommenden luetischen Aortenfehler wird aus Tabellc 28 deut- 
lich. 

Gurich hat auf Grund der Sektionen, die 1913 — 1924 in Deutsch- 
land ausgefiihrt worden sind, nachgewiescn, dass sich die bei Zere- 
hrospinallues auftretende luetische Aortitis bei den Mannern 
auf 48 % und bei den Frauen auf 69.5 % belauft. Ebenso hat 
Coeken (1926) gleichfalls in Deutschland konstatiert, dass 42.9 % 
von 147 obduzierten Paratytikern einen luetischen Aortenfehler 
hatten. Die Ergebnisse der auf dieselbc Frage bezugliehen Unter- 
suchungen der Deutschen Lowenberg (1924) und Frisch (1932) 
werden aus den Tabellen 29 und 30 ersichtlich. 


Tabellc 28. 



Zalil 

der 

Ffillc 

Aortitis 



An- 

zahl 

O' 

/o 

Neurolues mit scliwcren Liquor- 
veranderungen 

G5 

18 

27 7 

Neurolues mit leichlcn und 
olinc Liquorveranderungen 

53 

15 

28.3 

Zusammen j 

118 

33 

27.0 


Ancurysma 
uml Ancu- 
rysma ■+• Aor- 
lenklappcn- 
insuffizienz 

Zusammen 

An- 

zah? 

O' 

/O 

An- 

zalil 

O' 

/O 

o 

3.1 

27 

41.G 

2 

i i 

3.8 

25 

47.2 


Aortcn- 

klappcnin- 

suffizienz 


An- 

zahl 


10.8 

15.1 


52 


4-1.0 


Tabelle 29. 
(Nacli K. Lowenbero). 


Art der Ncrvcncrlcrankun" 

Gesamt- 

zahl 

| . Oline 
Aortitis 

Mil, 

Aortitis 

0/ 

/o 

Paralyse 



113 


Lues cerebri 

9 

22o 

33.1 



3 

33 


Tabelle 30. 
(Nacli F. Fmscii). 


Art der Nerven- 
erkrankuug 

Gesamtzalil 

Oime Aortitis 

Mil Aortitis 

Froze nl 
VerhSllnis 

Progr, Paralyse . . 

38 

27 

11 

29 % 

Tabes dorsalis .... 

51 

28 

26 

'IS % 

Lues ccrebrospinalis 

23 

15 

8 

31.8 % 

GesamizaUI 

115 

70 

45 

39 


Die Aorta war also in meinem Material bei Neurolues in 44 % 
und in elem Material der deutseben Forsclicr zwischen 29 und 
69.5 % syphilitisch affiziert. 


Das klinische Bild der Neurolues. 

A. Das subjcklivc Bild. 

Die Art und Hiiufigkeit der subjeldiven Beschwerden, die auf 
cine Affektion des Zentralnervensysteins himveisen, ist in Ab- 
bildung 20 wiedergegeben. Mchr als tin Drittcl der Palienlcn haltcn 
keinc auf cincn Krankhcilszusland im Zcntralnervcnsijstcm deu- 
tende Bcschwerde. Trotz der negativen Anamnese iiber das Ncrven- 
systein kann der klinische oder Liquorbefund sehr wohl positiv 
sein. Die haufigste der subjektiven Beschwerden war Kopfschmcrz. 
Mitunter waren die Beschwerden der Patienten recht allgemeiner 
Natur, wie Miidigkcit und Abmagenmg. Nachdem die Patienten 
antiluetische Behandlung erhalten haben, hat die Miidigkeit auf- 
gehort und haben die Patienten angefangen zuzunehmen. Be- 
merkenswert ist, dass 10 Patienten Bauchbeschwerden batten, die 
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durch antiluetische Tlierapie versclnvanden. Sie vrarcn auf kcm 
Weise vou der Art wie die alcuten, hcftigcn Schmerzen, die gasln- 
schen Krisen, die bei der klassisclien Tabes dorsalis vorkommcn, 
sondern erinnerten melir an unbestimmte, lange andaucrndc dys- 
peptische Beschwerden. Wahrend meiner Tatigkeit als stell- 
vertretender Assistenzarzt am Krankenhaus Lapinlabii gab ich 8 
dieser Patienlen Malariafieber -f spezifische Behandlung. 2 Pa- 
tienten bekamen nur spezifische Behandlung. Spiitcr habcn samt- 
Iiche 10 Patienlen mitgeteilt, dass sie sicb wobl bcfinden und von 



nren Beschwerden befrcitsind. Zwei Patienlen batten Erbrcchcn 
er eme rvabrend fiinf Jahre und der andcrc wiilirend einos Jabres! 
achdcm sie Malariafieber und antiluetische Tlierapie erhallon 
liatten, boss das Erbrcchcn nacb. 

S cn r "cWe^r 1 “ CS f UP11C ’ ta ' ,Cr <,Cr LU ' um s,arl « Vcrandmm- 
g zeigte, rraren die anamnesliseben Beschwerden heftier ah 

™n g d irX s .' VC ' C ” C im Li<I "° r fcfcM ' 8- kci - c Vcn-ind''- 

wX n stTnfl F 7 1C , n ’ ^ ll r n llCT Bc8i,m t,CT I«*Teklta, 

-bjekMvcn B^ehtrfa r 5 v Cn X md *“ to 

belragen. Nacb K M „r 10 Jal.ro 

■ BE (193/ > fees Inlervall bei Tabes 
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dorsalis 10—15 Jahre. In der friiher erwahnten Arbeit Hjelm- 
man’s aus Finnland vom Jahre 1892’ belief es sich durchschnittlich 
auf rund 6 J ahre. Wahrend der letzten 50 Jahre hat sich also in Finn- 
land die Latenzzeit zwischen der Luesinfektion und dem Auf- 
treten der Nervensymptome offenbar vedangerL Die Lues ist 
bei uns in dieser Hinsicht benigner gcworden, was wahrscheinlich 
auf einer sich allmahlich entivickelnden Immunitat beruht. 


B. Das objektive Bild. 

Die Frequenz der bei der objektiven Untersuchung hervortre- 
tenden Veranderungen bei Neurolues wird durch die Abbildungen 
21 und 22 veranschaulieht. 

Wir sehen, dass, obwold “WR und MBR II im Liquor posi- 
tiv sind, sein Eiweiss und seine Zellzahl doch nicht immer eine 
Erhohung zeigen. In diesen Fallen war Pandy positiv in 92 %, 
Nonne in 62 % und die Zellzahl erhoht in 80 %. Der Liquor ent- 
hielt iiberhaupt keine Zellen in 7.7 % (5 Falle). Pupillenstorungen 
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loo T 
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Abbildung 21. 


Samtliche Neuroluesfalle 

pathologischen Veranderungen 


Die Haufigkeit der objektiven 
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Abbildung 22. Die Netirolucsfallc mit schwcrcn Liquoryerandcrimgen. Die 
Haufigkeit dcr objektiven pnlbologischen Yerandcrungcn. 

waren in 78 % anzutreffen, die Patellarreflcxe waren gesclnvacht 
Oder erlosclien in 43 % und Babinski war positiv in 23 %. Scnsi- 
bilitatsstorungen traten nur in G % auf. 

Ein Vergleich dcr Ergebnissc, die die scrologischcn Lues- 
reaktionen im Blut bei den verscluedeneii Neuroluesformen geliefert 
haben, ist in Tabelle 31 angeslellt. Es isl zu beachtcn, dass mein 
Material aus Fallen zusammcngcstellt ist, in denen mindeslens cine 
der gepriiflen Luesreaktionen im Blut positiv oder suspekt war. 

Bei der Neurolues, die starke Yerandcrungcn im Liquor zeigle, 
waren WR I (1) und KR (2) im Blut walirsclieinlich und WR II 
(3) und MBR II (4) moglicherweise in holierem Grade positiv als bei 
der Neurolues, die leichte oder gar keine Veranderungen im Liquor 
aufwies: 

1. 68 ± 5.9 % — 49 i 6.9 % = 19 ± 9.0 %. 

2. 99 ± 1.2 % — 89 ± 4.3 % = 10 ± 4.5 %. 

3. 77 ± 5.2 % — 62 i 6.7 % = 15 ± 8.5 %. 

4- 93 ± 3.4 % — 86 ± 5.4 % = 7 ± G.4 %. 
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Tabelle 31. 

Die Ergebnisse dcr serologisehen Luesreaktionen des Blutes bei Neurolues. 



Reaktion 

Zahl 
der gc- 
priif- 
ten 
Reak- 
tionen 

■BH 

Positiv (+) 

Suspekt (i, 
-?) 

Negativ (— ) 

An- 

zahl 

0/ 

/o 

An- 

zalil 

0/ 

/o 

An- 

zahl 

m 

• 

WR I 

65 

44 

68 

11 

17 

10 

15 

Neurolues mit schiveren Liquor- 

WR II 

65 

50 

77 

10 

15 

5 

8 

veranderungen (65 Falle) 

ICR 

65 

64 

99 

1 

2 

— 

— 


MBR II 

57 

53 

93 

1 

2 

3 

5 


WR I 

53 

26 

49 

9 

17 

18 

34 

Neurolues mit leicliten und ohne 

WR II 

53 

33 

62 

10 

19 

10 

19 

Liquorveranderungen (53 Falle) 

ICR 

53 

47 

89 



u 

Q 

7 


MBR II 

42 

36 

86 

3 





Ausserdem ist zu bemerken, dass die serologisehen Luesreak- 
tionen des Blutes in Neuroluesfallen, in denen die WR lm Liquor 
positiv war, ziemlich oft, WR I sogar in 15 %, negativ waren. 


Zusammenjassung. 

Bei den Spdtluespatienien jindet man in Finnland Verande- 

-tr Para,, Kff- 

W — 'f " - 

bchandellen Luespatienten bedeuteni mchr Neurolues 

ml en, Therapie betoken 

Bei Luespatienten, die kei - Liquorveriinde- 

haben, mtmckeli sich Neurolues nut amgepj „„i 

™ nJ£ n mbglieherweue M#x f „ b , ki 

oftne Liquorveranderungen wahrschemhch seltener 

standig antiluetisch behandelten a . i4 0/ i ue tisch affidert. 

In den NeuwluesfdUen war die Aona in a /o 
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Das Alter icr Neurol, lespatienlen uariierlc ziemlich gldclmasstg 

m ^Zs m dnDMder Neurolucspalientcn Italian v on Hirer 
KraZl Heine subjekUoen Basel, warden. Bel den Palienlcr, ntil 
subjektiven Besehmerien war am Imu/igslcn Kopfschmer. * /csUu- 
slcllen. 


Das Bluibild. 

In meinem Material sind die Hamoglobinwerle (korrigicrl) 
bei 196 Spatluespatienten bestimml worden. Die rolcn Biutkorper- 
clien warden bei 1 78 und die weissen Blulkorpercben bei 1 75 Ivrankcn 
gezablt. Dies gesebah sowohl bei den rolcn als den weissen Blul- 
korperchen mit der Tiirkschen Zahlkammer. Die Rcsullatc werden 
aus den Tabellen 32—36 crsichtlich. 

Wenn man nach Tabelle 36 als normalc (korrigierle) Hiimo- 
globinwerte bei den finniseben Mannern mindeslens 85 % und bei 


Tabelle 32. 


Die Hamoglobinwcrtc (korrigicrl) bei Spallucs. Fiillc 190 (d JO-1. 9 92). 


Hgb 

% 

Gc- 

schlechl 

Fallc 

Falie, in denen neben der Lues auch amlerc Krankhcitcn 
Anamie hervorrufen ktiunen 

An- 

zahl 

m 

35 — 59 

o 

3 

2.9 

Endocarditis Icnla (1 Pall). Ulcus duotleni (1 Fail), Cirrhosis hepatis 
cum haemalcmcsidc (i Fall) 

GO— 69 

d 

5 

4.8 

— 



7 

6.7 

Infcclio rheuni.il. (1 Fall). Lymphomata colli (I Fall). Helminthiasis 
(1 Fall) 

__ d___ 

0 

T 

0 

*r 

21 


Ulcus vcnlr. (1 Fall). Hclminlliiasis (1 Fall) 

68 

65. 4 

"" 

2 

9 

26 

2.2 

9.8 

2S.3 


Jrnm.Veneelasiae haemorrh. ( l Fall) 

80—8-1 

^85 

0 

*r 

23 

25.0 

" 

0 

f 

32 

34.7 

— - - - < — 
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Tabelle 33. 

Die Erythrozylcu bei Spallucs. Fade 178 (^99, $79). 


■m 

Ge- 

schlccht 

mm 

Ffdlc, in denen neben der Lucs auch andere KnuikhelUr 
Anamic liervorrufen konnen ' 

mm 

An- 

zalil 

0/ 

/o 

<3 

O" 


3.0 

Endocarditis lenta (1 Fall). Cirrhosis hepatis cum haema- 
temesidc (1 Fall) 

3.0—3.999 

<? 

20 

20.2 

Lymphomata colli (1 Fall). Helminthiasis (2 Falle). Nephrc- 
pathia (1 Fall) 

•1.0 — 1.-J99 

<5 

•10 

•10.4 

Ulcus vcntr. (1 Fall). Helminthiasis (4 Falle) 

^1.5 

6 

30 

30.4 


<3 

0 

■r 

1 

1.3 


3.0—3.999 

0 

*r 

30 

45.0 

Lymphogranuloma ing. (1 Fall). Ca vcntr. (1 Fall). Venecta- 
siac haemorrh. (1 Fall) 

4.0 — 1.-199 

0 

*r 

22 

27.8 


£s‘f.5 

O 

20 

25.3 

Tabelle 34. 

Der Farbeindcx (Hnmoglobimvertc korrigicrt) in (lcn Anamiefallcn (Hgb < 85 % $ and 
80 % 0,E< 4.5 Mill. 0 u nd 4.0 Mill. $). Fade 114. 

Farbc* 

]•; 

ille 

Ffille, 

in denen neben der Lucs auch andere Krankheiten Anamk 
hervorrufen konnen 

index 

An- 
ita hi 

O' 

(O 


<0.70 

2 

1.8 

Ulcus duodeni (1 Fall) _ _ . 

0.70—0.89 

7 

G.l 

Lymphogranuloma ing. (1 Fall). Cirrhosis hcpatis cum haemate- 
meside (1 Fall) 

0.90—1.10 

82 

72.0 

Lvmpliomata colli (1 Fall). Vcnectasiae haemorrh. (1 Fall). Ulcus 
"vcnlr. (1 Fall). Ca vcntr. (1 Fall). Helminthiasis (5 Falle) _ 

1.11—1.20 

20 

17.5 

Endocarditis lenta (1 Fall). Intcctio rheumat. (1 Fall). 

1.21—1.30 

3 

2.0 












































Tabelle 35. 

Die Leukozyten kei Spiitlucs. Ffillc 175. 


Leukozyten 

F a 1 1 c 

j Anznltl | % 

3000—3999 

I) 0.3 

4000 — 8000 | 

1M I 05.1 

S001— 10000 j 

35 j 20.0 

>10000 j 

15 j 3.0 j 



Totteh .vak, g. 


1 I 

den Frauen SO % IJnr , 0? 

Mannern mindestens 4 5 m™ norn,a ^ eu Krytlirozv| tmV rl n • , 

■ "nil! t m3 „ ' L " ' m : 

D,C An?abC!I i,clre ^« die Al/i t ei 1Verte " Lrylhr0: ^mie 
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in 56.2 %. Subnormale Hamoglobinwerle kommen bei den Man- 
nern in 34.6 % und bei den Frauen in 40.3 % und subnormale 
Ery l hrozy tenwcrte bei den Mannern in 63.6 % und bei den Frauen 
in 46.9 % vor. Die Wertc sind nur leicbt subnormal. Eine 
schwcrere Anamie ist nur in 5 Fallen (2.6 %) anzutreffen. Bei 
einem Toil der an leichten Anamien und bei 3 an sclnveren 
Anamien Leidenden kann die Ursache auch in einer anderen Krank- 
beit als der Lues bestehen. 

Sieht man nach Tabelle 36 0.90 — 1.10 als normalen Farbeindex 
an, so sind von meinen Andmicfdllcn 72 % normochrom, 7.9 % 
lnypochrom und 20.1 hyperchrom. 

Mehrere Forsclier erwalmen eine bei Spatlues vorkommende 
schwere byperchrome Anamie (u. a. Strum pell und Seyfarth 
1930, Vesa 1930, Fallon 1938, Totterman 1939). Andererseits 
kann man bei Lues eine sclnvere hypochrome (sekundare) Anamie 
vorfinden (Foucar und Stokes 1921, Hoff 1924). Beiderlei 
sclnvere Anamien gelten als selten. Dag egen ist leichte Anamie 
bei Spatlues bauliger festzustellen (Hoff 1924, Schulten 1939). 
Heine Ergebnisse stimmen demgemass mit den Befunden anderer 
Forsclier uberein. 

Wenn man als normale Leukozytenmenge 4000 — 8000 je mm 3 
auffasst, besteht in meinem Material Leukozylose in 28.6 % und 
Leukopenic in 6.3 %. In dem Material von Clodi und Matuschka 
(1924) war Leukozylose in 44 % festzustellen. t)ber spontane 
Leukopenie bei Lues bat in der Literatur, soviel icb sehe, Mata- 
biki (1907) berichtet. 

Icb habe aucli gepriift, ob in der Hamoglobinmenge sowohl 
bezliglich der Zabl der roten als der weissen Blutkorperchen ein 
auf der Art der luetiseben Organveranderungen berubender Unter- 
scliied naclizuweisen war. Indessen babe icb in dieser Hinsicht 
keine Abweicbungen konstatieren konnen. 


Die Senkungsrealdion der roten Blutkorperchen. 

Die meisten Forscher betrachten als normale obere Gre'nze der 
SR bei Mannern 6^ — 7 mm und bei Frauen 10 — 11 mm (u. a. Frisch, 
Klemperer, Westergren). Icb habe als solclie Grenze bei beiden 
Geschlechtern 11 mm angenommen. Die Senltungsreaktion der 
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Erythrozyten bei den Spatluespatienten meines Materials wird 
durch Abbildung 23 und 24 veransebaulicht. Danach war die SR 
in meinem Material in 85 % crhoht. Bei den Mannern war dies 
in 82 % und bei den Frauen in 87 %, bei beiden Geschlechtern 
also mathematisch im gleiclien Masse der Fall. In meinem ganzen 
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Abbildung 23. Die SR bei dor Spatlucs. Fallc 188 ( $ 102, $86). 
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heiten, kciuc Nierenkrankhciten, lceine Hypcrlonie, kcine Arterio- 
slderosc usw.) konstatieren konnte. Auch in diesen Fallen war 
die SR in 62 % erhoht, wobei ihr Mittehvert 24 mm in der Stunde, 
d. h. niedriger als der Mittehvert aller Falle war. Mitliin hat cine 
andere Krankheit steigernd auf die SR eingewirkt. 

Nacli den meisten Forschern ist die SR bei der Spatlues erhoht 
(u. a. Buscher 1921, Mayr 1921, Nathan und Herold 1921, 
Farber und Schulman 1925, Preininger 1925), nnd zwar sowohl 
bei Viszeral- als bei Neurolues bis zu 100 % (Farber und Schul- 
man). Als Mittehvert der SR bei Spatlues geben Nathan und 
Herold 14.5 mm (mannliche Patienten) und Preininger 
35.6 mm an. 

In mcinem Material hal das Alter der Patienten keinen Einfluss 
auf die Hohc der SR ausgciibt. Nach manclien Forschern steigt 
die SR bei iiber 40jahrigen an (Low-Beer 1929, Burkardt 1930), 
wahrend sie sich nach anderen nur unbedeutend oder gar nicht 
erhoht (Miller 1936, Niemi 1940). 


Andere spatluetische Krankheiten. 

Die Leberlucs ist in meinem Material sparlicli vertreten. Sichere 
Falle sind nur 6 (3 %) vorhanden. Hjelmman hat bei uns (1892) 
unter 1860 Fallen von tertiiirer Lues 32 (etwas untcr 2 %) als Leber- 
lues erkannt. Von Kerppola’s (1937) 99 Ikterusfallen batten diese 
Krankheit 3 (3 %). Die Angaben der auslandischen Autoren iiber 
die Frequenz der Leberlues weichen untereinander ziemlich stark 
ab, indem das Haufigkeitsprozent zwischen 16.5 und 4.2 schwankt 
(Romberg 1918, Melchior 1922, Langer 1926, Nickel 1936). 

Diabetes mcllitus findet man in meinem Material bei 2 Patienten. 
Der eine von diesen bekam ausgiebige antiluetische Behandlung, 
doch besserte sich seine Zuckerkrankheit dadurch nicht. Der 
andere lehnte die antiluetische Therapie ab. In dem ersten Fall 
hat die Lues meines Erachtens wenigstens keinen beeinflussbaren 
Anteil an der Entstehung des Diabetes gehabt. t)ber den zweiten 
Fall lasst sich nichts sagen. In den 258 kombinierten Diabetes- 
Luesfallen von McDaniel, Marks und Joslin (1940) war der 
Diabetes nach der Ansicht der Autoren in keinem einzigen Fall 
durcli die Lues verursacht worden. 
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Eiweiss in kleinen Quantitaten mit oder ohne pathologisches 
Sediment, kam im Harn bei 5 Patienten vor. Es lasst sich in keinem 
Fall mit Sicherheit auf die Lues zuriickfiihren, da in jedem kom- 
plizierende Krankheiten bestelien, und zwar in 2 Herzinsuffizienz, in 
1 Sinuitis frontalis, in 1 Pyelonephritis und in 1 Polyarthritis. 

Ohne naher auf die Falle einzugehen, erwahne ich, dass von 
Lungenlu.es in meinem Material ein sicherer 1 und ein unsicherer 
Fall (1 %) vorliegen. 

Luetische Nekrose im Larynx haben 2 Patienten und im Pharynx 
1 Patient, was zusammen 1.5 % ausmacht. 

Luetische Iritis is t bei 1, Uveitis bei 1 und Chorioditis bei 3 
Patienten, zusammen in 2.5 % zu finden. Eine Atrophia ncrvi 
optici zeigen 7 Patienten oder 3.5 %. Im ganzen weisen also 6% 
luetische Augenaffektionen auf. 

Schliesslich sind 5 Falle (2.5%) anzutreffen, in denen di eMiidig- 
keit, von der nicht an einem luetisclien Organfeliler leidende Patien- 
ten belastigt wurden, durch spezifische Therapie verschwunden ist. 


Zusammenfassung iiber die Haufigkeit der spatluetischen 
Organveranderungen, verglichen mit auslandischen 
Untersuchungen. 

In Tabelle 37 gebe ich eine Zusammenfassung iiber die Haufig- 
keit der wichtigsten Organveranderungen, die sich bei den Spat- 
luespatienten meines Materials entwickelt haben, und vergleiche 
sie mit den Befunden auslandischer Untersuchungen. 


1 Der Fall ist von Kaplan (Finska Lak. sallsk 
veroffentliclit worden. 


Hdl. 81, 245 (1938) 


6 
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Die Neuro- und Aortenlues entwickeln sich demnaeli in Finn- 
land in ausgedeiinterem Masse ais im Ausland. Nur 28 % meiner 
Luespatienten sind von Neuro- oder Aortenlues verschont geblieben. 

Durch welche Ursache oder welche Ursachen dies bedingt ist, 
lasst sich schwer sagen. Bei meiner XJntersuchung kann es sich nicht 
in hoherem Grade um technische Fehler handeln. Es ist ja damit 
zu rechnen, dass mein Material nicht vollig mit demjenigen der 
anderen Autoren vergleichbar ist. Andererseits kann der Unter- 
schied darauf beruhen, dass die anderswo untersuchten Materialien 
nur v/eit entwickelte Falle von Organlues vertreten. Bei me'men 
Untersuchungen hinwieder ist intensiv nach asymptomatischer 
und beginnender Organlues gesucht worden. Eine Ursache konnte 
wohl auch darin liegen, dass sich die Luesimmunitat in Finnland 
noch nicht in dem Grade entwickelt hat wie in anderen Landern, 
die ihre Luesinfektion frixher bekommen haben. Eine weitere 
Ursache kann sich in der Empfindlichkeit der Konstitution des 
finnischen Volkes verbergen. Als aussere Faktoren konnen aus- 
serdem die Armut des finnischen Volkes und seine oft von Jugend 
auf sduvere korperliche Arbeit gelten, die vielleicht dazu angetan 
sind, die Widerstandsfahigkeit herabzusetzen. 


Die Spezifitat der serologischen Luesreaktion. 

Allgemeines. 

Unter Unspezifitat der Luesreaktionen versteht man bekannt- 
lich, dass diese positiv sind, ohne dass der Betreffende an Lues 
leidet. Der Umschlag der positiven Reaktion in die negative 
ohne spezifische Tlierapie ist mitunter ein Zeichen, dass es sich 
um eme unspezifische Luesreaktion gehandelt hatte. Indessen ist 
es schwer, einen Fall ausschliesslich auf dieser Basis als unspezi- 
fisch einzuschatzen, denn, wie man weiss, kann ja auch die Reak- 
tion von echtem Luesserum ohne spezifische Behandlung von der 
positiven in die negative ubergehen. 

Die Unspezifitat der Luesreaktionen kann auf drei Umstanden 
beruhen. Erstens auf technischen Fehlern. Zweitens auf den unbe- 
kannten Ursachen biologisch unrichtiger positiver Resultate 
&ei Gesunden. Drittens konnen einige Rrankheiten unrichtige 
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positive Reaktionsergebnisse liervorrufen. Die Wassermann-Reak- 
tion findet man unspczifisch pos'itiv bci akuten Infektionskrank- 
lieiten, besonders bei Pneumonic und Sepsis (Endocarditis lenta), 
Mononucleosis infectiosa, Framboesia, Trypanosomiasis, Febris 
recurrens, Lepra nodosa, Fleckficber, Malaria Lertiana, Diphtheric, 
bei Graviditat sowie manchmal auch bei Hauttuberkulose und 
nach Pockenimpfung (u. a. Eldh, Forssman, Moore, Eagle und 
Mohr, Lynch, Boynton und Kimball). 

Manclie Forsclier begniigen sich bei der Beurteilung der Spezi- 
fitat der positiven Luesreaktionen nicht mil einer Einteilung der 
Falle in spczifische und unspezifische, sondern zerlegen sie in drei 
Gruppen: spczifische, wahrscheinlicli spezifische und unspezifische 
(Cumming, Hazen, Sanford, Senear, Simpson und Yonderlehr 
1935). Da es haufig auch sehr schwer ist, zu entsclieiden, oh ein 
Fall spezifisch oder unspezifisch ist, weil er cine Mittelstellung 
einnimmt, ziehe auch ich bei der Behandlung diesen Umstand in 
Betracht. 


Gruppiernng der Rcalrfionscrgcbnissc. 

Hinsichtlich der Spezjfitat gruppiere ich die positiven (-f) und 
suspekten (+ ?, ±, — ?) Reaktionsergebnisse in mcinem Material 
wie folgt: 

A. Spezifische, bei denen sicher Lues vorliegt. 

B. Wahrscheinlicli spezifische, bei denen es sich allem Anschein 
nach um Lues handelt. 

C. Unspezifische, bei denen 1 man es unwahrscheinlichenvei.se 
mit Lues zu tun hat. 

A. Als spezifisch betrachte ich die positiven und suspekten 
Reaktionen aus folgenden Griinden: 

1. Wenn der Patient in der Anamnese Lues hat. 

2. Wenn im Status des Patienten deutliche spatluetische Organ- 
veranderungen festzustellen sind. Im Bedarfsfall habe ich micli 
auf die Begutachtungen der Faclikliniken (der Abteilungen fur 
Augen- sowie fiir Ohren-, Nasen- und Halskrankheiten) gestiitzt. 

3. Wenn die Beschwerden des Patienten infolge von antilue- 
tischer Behandlung aufgehort haben. 

4. Wenn der Gatte bzw. die Gattin des Patienten an Lues 
leidet oder gelitten hat. 
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5. Wenn die Patientin ein vorzeitig gestorbenes Kind geboren 

6. Wenn der Patient Zeichen einer Lues im Sekundarstadium 
hat. 

7. Wenn der Patient Zeichen kongenitaler Lues bat. 

Bei manchen Patienten waren auch mehrere Umstande zu 
finden, auf Grund deren die Ergebnisse der Reaktion als spezifisch 
betrachtet werden konnen. 

B. Als ivahrscheinlich spezifisch fasse ich solche Reaktionen 
auf, die, mindestens zweimal untersucht, positiv waren, trotzdem 
die Anamnese keine Lues aufwies und auch im Status keine auf 
Lues deutenden Veranderungen gefunden wurden, aber nur in den 
Fallen, wo keine andere positive WR gebende Krankheit vorlag. 
Solche Falle pflegt man im allgemeinen als sichere Luesfalle anzu- 
sehen (u. a. Forssman, Sievers, Vonderlehr, Clark, Wenger 
und Heller, Jr.). 

C. Als unspezifiscli betraclite ich solche Reaktionen, die bei 
wiederholter Untersuchung nur einmal ein positives oder suspektes 
Resultat gegeben haben und bei denen weder in der Anamnese 
noch im Status etwas mit Sicherheit auf Lues Deutendes zu finden 
is t. In manchen von diesen Fallen lag eine akute Infektionskrank- 
heit vor. 


Ergebnisse. 

In meinem Material finden sich: 

A. Sichere Luesfalle, in denen also die positiven und suspek- 

ten Resultate der Reaktionen spezifisch sind 201 

B. Wahrscheinlich sichere Luesfalle, in denen also die posi- 

tiven Ergebnisse der Reaktionen allem Ansehein nacli 
spezifisch sind ig 

C. Unwahrscheinliche Luesfalle, in denen also die positiven 

und suspekten Resultate der Reaktionen offenbar unspe- 
zifisch sind , c 


Zusammen 236 

A. Sichere Luesfalle. 

1. 62 Falle mit Lues in der Anamnese. 

2. 107 Falle mit deutlichen spatluetisehen Veranderungen 
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hauptsachlich im Zentralnervensystem und in den Kreislauforga- 
nen, und zwar wie folgt: 

a) 78 haben dentliche Symptome einer Neurolues in Form von 
Pupillen- und Reflexstorungen sowie von Liquorveranderungen. 
Bei 48 dieser Falle ist WR I oder WR II oder MBR II im Liquor 
positiv und bei 30 negativ. Von diesen Patienten leiden 30 iiber- 
dies an Aortenlues und einer an Lues laryngis. Die Gatten 
zweier leiden an Lues. 

b) 28 haben Aortitis oder Aortenaneurysmen oder Aorten- 
klappeninsuffizienz ohne eine andere Atiologie als Lues. Einer 
dieser Falle leidet auch an Iritis luetica. 

c) Ein Fall hat Ulcus lueti.cum pharyngis. 

3. 6 Falle, die, nach den Ergebnissen der antiluetischen Be- 
handlung zu schliessen, als sichere Luesfalle betrachtet werden 
konnen. Bei 5 von diesen hat die Miidigkeit und bei einem der lang- 
wierige Husten mit Auswiirfen nach antiluetiscber Therapie aufge- 
hort. Uber Falle der letzterwahnten Art finden sich Angaben im 
Schrifttum (Cannon). 

4. 3 Falle, in denen die Gatten an Lues gelitten haben. 

5. 2 Falle, in denen die Patientinnen Friihgeburten im VII — 
VIII Monat gehabt haben. 

6. 13 Falle kongenitaler Lues. 

7. 8 Falle sekundarer Lues. 

B. Wahrscheinlich sichere Luesfalle, in denen also die positiven 
Ergebnisse der Reaktionen wahrscheinlich spezifisch sind. 

19 Falle, bei deren jedem die serologischen Luesreaktionen im 
Blute bei zweimaliger Untersuchung positiv waren. In der Ana- 
mnese hatte keiner Lues, wohl aber hatten 3 Gc und einer Ulcus 
molle. Einer war oft venerischer Infektion ausgesetzt. Im Status 
zeigte keiner einen Hinweis auf Lues. 

C. Unwahrscheinliche Luesfalle, in denen also die positiven und 
suspekten Ergebnisse der Reaktionen offenbar unspezifisch sind. 

Dieser sind es 16. Bei ihnen alien fanden sich nur in der ersten 
Blutprobe auf Lues deutende Blutveranderungen. In keinem Fall 
bestand in der Anamnese Lues. Auch war im Status von keinem 
etwas festzustellen, was mit Sicherheit fur Lues sprach. Indessen 
lagen in 3 Fallen leichte Liquorveranderungen vor, die sich folgen- 
dermassen verhielten: 
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1. Pandy ++, Zellen 12.5/mm 3 , Mastixreaktion: 5,210,000,000, 
GoJdsolreaktion: 221,000,000,000, WR—. 

2. Pandy -f , Zellen 6.3/mm 3 , Mastixreaktion: 1,000,000,000, 
GoJdsolreaktion: 200,000,000,000, WR — . 

3. Pandy -f , Zellen 3.8/mm 3 , Mastixreaktion: 2,000,000,000, 
WR — . 

Diese Liquorveranderungen konnen allerdings ebensogut von 
Lues wie von einer anderen Krankheit berriihren. Infolgedessen 
babe ich bei der Auffassung dieser Fade als unspezifische einiger- 
massen willkurlich verfahren miissen. . 

Im folgenden fiihre ich die Ergebnisse der Blutreaktionen 
meiner unspezifischen Fade sowie das Alter und die klinische 
Diagnose der Patienten an: 


il ' 

Diagnose 

Datum 

WR I 

WR II 

Fall 221; 29jahr. Arbei ter 

. Dyspepsia 

20/8 3< 

5 ± 

4- 


acida 

31/10 3< 



» 222; 71jahr. Kleinbauer . . . 

Arterioscler. 

Emphysema 

28/11 3( 

— 

- 


pulm. Bronchitis 
chr. Myodeg. 

11/12 3C 

— 



cordis 

29/4 37 



» 223; 43jahr. » 

Dyspepsia 


- " 

3/2 37 




acida 

12/2 37 

, , 

— 

. 


23/2 37 
27/10 37 


- 

0 224; 55jahr. Arbeiter 




— 

Ca ventr. 

12/2 37 




Anaemia hypo- 
chr. 

?/3 37 
20/4 37 

28/10 37 
27/1 1 37 

— 

I 

8 225; 29jahr. , 

Infectio 

icuta 

+ 

+ 

» 226; 16ja.hr. , 

3ronchopneu- 

29/10 37 

± 

+ 

r 

nonia 1. dx. 

H/1137 


.. 


13/11 37 



* 227 *‘26jahr. Elek-tromonteur L 

A 

i 

«pus vulgaris, 
naemia normo- 


— 

~ 

11/1137 
13/11 37 

— 

— 

i c -~- L 


__ 



KR 

+ 

+ 


+ 



MBR 

+ 


+ 

+ ? 
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Diagnose 

Datum 

WR I 

WR 11 

KR ' 

MBR 11 

] 

T all22S; 26jahr. Drcchsler 

Bronchitis ac. 

29/12 37 

. 



+ 




31/12 37 

— 

— 

— 

— 




7/4 38 

— 

— ■ 

— - 

— - - 


* 229; 23jahr. Aufwartefrau . . 

Enteritis ac. 

19/8 36 

+ 

+ 


+ 




7/9 36 

— 

— 

— 

— 




11/9 36 

— 

— 

~ 

— 


» 230; 64jahr. HofMuerjn 

Dyspepsia. 

19/8 36 

+ 

+ 

+ 

+ 



Hypertonia 

9/9 36 

— 

__ 

— 

— 




18/9 36 

— 

— 

— 

— ■ 




2/1 37 

— 

— 

_ 

— 


9 231; 53jahr. Arbeiterfrau . . . . 

Dyspepsia. 








Hypertonia. 

16/6 37 

— 

— 

+ ? 




Myodeg., in- 

1/6 38 

— 

— 

— 

— 



suff. cordis 

3/6 38 

— 

— 

— 

— 


» 232; 30jahr. Fraulein 

Polyarthritis ac. 

31/8 37 

— 

— 

• 

+ 



(gonorrhoica?) 

24/9 37 

__ 


— 

warn 




3/1 38 

— 


— 



» 233; 29jahr. Arbeiterfrau 

Graviditas 

6/9 37 

— 


— 

+ 



m. IV 

27/11 37 

— 

— 

— 

— 


» 234; 56jahr. Kleinbauer .... 

Hypertonia. 

4/12 37 

— 

__ 

— 

+? 



Helminthiasis. 








Anaemia levis 

31/1 38 

— 

— 

— 

— 


# 235; 20jahr. Anstreicher .... 

Bronchitis ac. 

8/12 37 

— 

— 

— 

+? 



Helminthiasis. 

13/12 37 

— 

— 

— 

— 



Anaemia normo- 

6/6 38 

— 

— 

— 

— 



chr. 

25/6 38 

— 

— 

— 

— 


» 236; 30jahr. Arbeiter 

Lupus vulgaris. 

18/12 37 

— 

— 

— 

+ 



Helminthiasis. 

5/5 38 

— 

— 

— • 

— 



Anaemia 

21/5 38 

— 

— 

— 

— 



normochr. 

29/6 38 

— 

— 

— 

— 


Enter den positiven und suspekten Ergebnissen der Wasser- 
mann-Reaktionen finden sick zusammen 5 offenbar unspezifische. 
Die klinischen Diagnosen diesei- Falle sind: Dyspepsia acida, 
Infectio ac., Bronchopneumonia, Enteritis ac., Dyspepsia acida et 
hypertonia. 
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Die positive unci suspekte Kahn-Reoktion isl 8 mal unspea- 
fisch und zwar etamal bei cl.roniscl.er Bronchitis, 2 mul bra 
Dyspepsie, eiumal liei Carcinoma ventrical, ranmal ho. Bron- 
chopneumonie, einmal bei Enteritis acuta und 2 mal be. Hyper 

tonie mit Dyspepsie. ' , 

Die positive und suspekte MBit 11 isl 1 1 mal ui.spczif.scl>: o mal 

bei einer akuten Intektionskranklicit, 2 mal bei Lupus vulgaris, 
einmal bei Dyspepsie, einmal bei Dyspepsie mil Hypertonic, einma 
bei Hypertonie mit Helminthiasis und einmal bci Gravidital. 

Bei den an akuten Infeklionskrankhcitcn Lcidendcn haben mithin 
in mcincm Material am meisten bci den Lucsrcaktionen unspezi- 
fisch positive und suspekte RcsiiUalc vorgclcgcn. 


Im Obigen habe ich gezeigl, in welclicm Masse die posiliven 
und suspekten serologischen Luesreaklioncn unspezifisch gewesen 
sind. Als zu empfindlich konnen die von mir angewandten Lucs- 
rea ktionen im Blute auf der anderen Seite kaum betrachlel verden, 
denn sie haben mitunter ein schwach positives, ja die gleichen Fallc 
bisiveilen ein negatives Rcsultat gegeben, obwohl die Palienteu 
an schiveren luetischen Lasionen im Zenlralncrvensystcm und 
an Aortenfchlem gelitten haben. Im folgenden fuhre icli 3 solclie 
Falle aus meiner Kasuistik an. 


Fall 113. L. L. 3Cjiihrigc Arbcitcrfrau. 

Dg.: Aortitis. Lues cerebrospinalis. Struma. 

Anamnese: 2 Jalire lang Kopfsclimer7.cn uml NervosiKit. 

St. pr. ( 11 . 10 . 1937 ): Schilddruse vergrossert und knolig. Ober der 
Aorta ein svstolisches Gerausclu Zweiter Aortenton akzcntuierl und 
metallisch. Aorta ronlgenologisch deutlicli erweitert. Pupillen deform 
reagieren nicht auf Liclit. 

Blut ( 15 . 9 . 36 ): WR I WR II — , KR — , MBR II — . ' 

* 10 ; 37 ) : WR 1 — WR II -f, KR ±, MBR II ±. 

Lumbalflussigkeit: Bandy 4-, Nonne -f, Zellen 10G.0/mm 3 WR I 

1,0 cm 3 , WR I 0.5 cm 3 +, MBR II +, Mastixreaktion: 5,200,000,000 
Goldsolreaktion: 432 , 000 , 000 , 000 . ’ 

-n c D 'a m \ Pat ' bekam Malariafieb er- und antiluelische Therapie Das 

Shirt. Si "‘- Z " 8C "“- und NcnJtat 

Fall 120. Selma H. 55jdhrigc Arheiterjrau. 

Art r i0SC l er ° SiS -. Hypertonia ' Myodeg. et insurf, cordis. Lues 
cerebrospmabs. Anaemia hypocliromica levis. 

Anamnese: 2 Monate Atemnot. 
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St. pr. (17. 6. 37): Art. radialis geschlangelt: t)ber dem Rerzeirein' 
systolisches Gerausch. Zweiter Aortenton akzentuiert. RR 170/105 mm 
Hg. Nervensystera o. B. 

Blut (17. 6. 37): WR I — , WR II — , KR +, MBR II — . ’. v . ; 

(8. 7. 37): WR I WR II — , KR MBR II — . ■ . . 

Lumbalfiussigkeit: Pandy + , Nonne +, Zellen 23.0/mm 3 , WR II.l.o 
cm 3 — , MBR II +, Mastixreaktion: 3,320,000,000, Goldsolreaktion: 
243,330,000,000. 

Fall 131. Anna P. 52jahrige Landwirtsfrau. 

Dg.: Lues cerebrospinalis. 

Anamnese: 3 Kinder totgeboren. 2 Jahre lang 'Bauchbeschwerden 
und Kreuzschmerz. Wahrend dieser Zeit stark abgemagert. Ein Jabr lang 
Schwindel und Kopfschmerz. 

St. pr. (12. 9. 37): Pat. bleibt nicht aufrecht stehen. Patellarreflexe 
erloschen. Babinski +. Bei dem Nabel ein handtellerbreites Gebiet, in 
dem die Schmerzempfindung herabgesetzt ist. Pupillen gross, deform, 
verengern sicb nicht auf Licht, wohi aber auf Entfernung. 

Blut (12. 9. 37): WR I — , WR II — ?, KR +, MBR II — . 

Lumbalfiussigkeit: Pandy -{-, Nonne schwach +, Zellen 16.0 /mm 3 , 
WR I 1.0 cm 3 ±, VfR I 0.5 cm 3 ±, WR II 1.0 cm 3 +, WR II 0.5 cm 3 +, 
MBR II +> Mastixreaktion: 5,210,000,000. 

D. m.: Pat. hat Malariafieber- und antiluetische Therapie bekommen. 
Das Befinden hat sich gebessert. Kopfschmerz und Schwindel haben 
aufgehort. Im Lauf von 2 y 2 Jahren 19 kg zugenommen. 

Aus den Tabellen 38 und 39 wird ersichtlich, in welchen Pro- 
zentsatzen die positiven und suspekten Ergebnisse der Luesreak- 
tionen unspezifisch oder unsicher (wahrscheinlich spezifisch) sind. 


Tabelle 38. 

Das Unspezifitatsprozent der positiven (-f) Luesreaktionen in dem unler- 

suchten Material. 


Reaktion 

Die den Kon- 
trollunter- 
suchten ent- 
sprechende 
Patientepzahl 

Zahl der 
positiven (-f) 
Ergebnisse 

Unspezifisch 

Unsicher 
(wabrsch. spezif.) 

An zahl 

% 

Anzahl 

°/ 

/o 

WR I 

6,752 

135 

3 

0.04 

13 

0.19 

WR II .... 

6,834 

156 

4 

0.06 

15 

0.22 

KR 

6,272 

209 

7 

0.11 

18 

0.29 

MBR II ... . 

5.2g2 

164 

8 

0.15 

17 

0.32 
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Tabelle 39. 

Die Unspezifitat dcr suspektcn (+?, — ?) Luesreaktioncn in dcm unter- 

suchten Material. 


Reaktion 

Die den Kou- 
trolluuter- 
suchten enl- 
sprechende 
Patientenzahl 

Zalii der 
suspektcn 

(+?, db, — ?) 

Ergcbnisse 

Unspezifiscli 

Unsichcr 
(wahrsch. spezif.) 

Anzahi 

Of 

/O 

Anzahi 

o f 

/o 

WR I 

7,302 

27 

2 

0.03 

3 

0.04 


— 


— — . 

— 


— 

WR II .... 

7,213 

27 

1 

0.01 

2 

0.03 

KR 

9,104 

G 

1 

0.01 

— 



MBR II ... . 

4,574 ' 

11 

3 , 

0.07 

— 

— 


Da siclt nieht alle Patieriten, bei denen die Luesreaklioaea im Blule 
positiv oder suspekt warea, zur Koatrolluntcrsuchuag eingefuaden 
haben, berechne ieh das Uaspezifitals- uad Unsicherhcilsprozeat 
der Reaktioaea aur aus der prozeatualea Meage, die den zur Koa- 
tro luatersucliung gekommenen Patieaten eatspriclit. Beispiels- 
weise folgendermassen: uater dea 10,953 uatersuchten Patieaten 
•war die WR I bei 219 positiv. Voa diesea erschienen 135 zur Koa- 
troHuatersuchung. Alsdann ist die diesea 135 Nachuatersuchlen 
eatsprecheade urspriingliclie Patienteameage, bei der die WR I 
ermittelt wurde, x Patieatea. 

Nun ist 219: 135 = 10,953: x, 
also x = 6,752. 


Feraer ist in meinem Material die positive WR I 
ia 3 Fallen, mithin in Prozenten: 


unspezifiscli 


6,752—100 % 

3 — y % 

y =0.04%. 


» 0M 1 iSt i0]SM ' in mcin<!m MatoW "-SWUM* positiv 

IFw man aus den Tabellen 38 und 39 sieht oibf dip r 
fisch positive Resuliafe in 0.04 % WR II in one o / Unspezi ~ 

uni MBR U in 0.U % . V* * 

mssen unsicl.er, aber wahrschemlich mit Himveis ^ ' L ™ ^ 
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Tabetic 


Die Unspezifitiit dcr Luesreaktionen. Vcrgleich 


Autor 

Jahr 

Unlersuchungsorl 

Art des 
Materials 

Umfang 
des 1 

Materials )[ 

Eldh, S 

1932 

Sclrwedcn, Sahlgren- 
sclies Krankcnhaus 

Pat. eincs Kran- 
kcnhauscs f. in- 

ncre Mcdizin 

17,108 

Forssmax, J 

1932 

Scliwcdcn, mcdizinisclie 
Klinik dcr Univ. Lund 

Pal. eincs Kran- 
kcnhauscs f. in- 

nere Mcdizin 

7,711 

Kallner, S 

1939 

Scliwcdcn, mcdizinisclie 
Polikl. des Seralimcr- 

lazaretts 

Pat. cines Kran- 
kcnhauscs f. in- 
nerc Mcdizin 

7,550 

Streng, Osv., Sie- 
vers,0.,Vuori, A.K. 

1933 

Serobakt. Instilut dei 

Univ. Helsinki 

Ycrschicdenc 


Turunen, A 

1935 

I. Univcrs.-Fraucnkl. in 

Helsinki 

Sclnvangcrc 

5,092 

I-Ionkanex, A 

1930 

Tub.-Krankenhaus in 

Helsinki 

Pat. cines Tub,- 
Krankcnhauscs 

Oil 

Sievers, O 

1937 

Serobakt. Instilut dci 
Univ. Helsinki 

Verschiedcnc 

7 

Maijala, P 

1912 

Mcdizinisclie Polikl. dc; 
Allgem. Krankcnhauscs 
in Helsinki 

Pat. eincr medi- 
zinisclicn Polikl. 

4,480- 

9,104 


in 0.19 %, WR II in 0.22 %, KR in 0.29 % und MBR II in 0.32 %. 
In den suspekten Ergebnissen der verschiedenen Reaktionen 
schwankt die Unspezifitat und Unsiclierheit zwischen 0.01 und 
0.07 %. 

In Tabelle 40 sind die Unspezifitatsergebnisse der Luesreak- 
tionen bei den in Schweden und in Finnland ausgefuhrten Unter- 
suchungen miteinander vergliehen. In den Materialien der schwe- 
dischen Forscher sind die Unspezifitatsprozente niedrig und so 
ziemlich gleich den meinigen. 
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40. 


der Ergebnissc einiger Autoren. 


Uiispezifitiit clcr posiUven (+) 
Luesreaktionen % 

Unspezililat der suspeklen (-f?, ±> 
— ?) Luesreaktionen % 

WR ] 

"WR 11 

KR 

MBR II 

WR I 

WR II 

KR 

MBR II 

ca. 0.3 








0.005 

0.065 

0.065 ' 






0.13 



0.13 

0.13 





I ^ J 


1.0 






0.75 


0.75 




n - 


— 











0.66 






0.57 0 

.78 

1.48 

.47 

0.04 

O.OS 

0.08 

0.71 



— 







0.04 0 

l (0.19) >( 

.06 

0.22) " 

Ul 

(0.29) > 

.15 

(0.32) 

3.03 

(0.04) 

0.01 

>(0.03) 

0.01 

0.07 


^^oujiuncajassung. 

STZtrrr- * 

dass ich eirie genaue klinische it + ^ * llS ur ^ e ^ arai d beruhen, 
habe, zu der eine r6ntgenologi S ch e e Unter ng ] Smelh0dik angeWaildt 
! i ^Jtosuchu ng der ZerebrospinauJ,^ K 

‘ Pn>m,tza, "< : " “nslchcrcn P.„ lo (mI „. SCJ , 
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dieser Untersuchungsmethode sind von den seropositiven, als 
asymptomatisch zu betrachtenden luetischen Erkrankungen der 
Aorta und des Zentralnervensystems moglichst viele diagnosti- 
ziert worden. Der geringe Grad der Unspezifitat diirfte auch durch 
die Beschaffenheit des Materials -bedingt sein, welches sich haupt- 
saclilich aus Fallen von chronischen inneren Krahkheiten zusam- 
mensetzt. Als iibermassig empfindlich diirfte die in dieser Arbeit 
angewandte Technik fiir die Untersucliung der Luesreaktionen 
meines Erachtens nicht anzusehen sein. 



ZUSAMMENFASSUNG. 

Der Zweck der vorlicgenden Arbeit ist, vei teres Licht iiber fol- 
gende Fragen zu verbreiten: 

1. In welchem Masse kommt bei uns in Finnland seropositive 
Spatlues vor? 

2. In welchem Umfang entwickeln sich hculzulage in unbehan- 
delten und mangelhaftbehandellcn Lucsfallen Veranderungen in 
den inneren Organon und von welcher Art sind diese Yerande- 
rungen in Finnland? 

3. Da in derDiagnoslik der Lues hculzulage grossenteils emp- 
findli.che serologisclic Melhoden zur Amvendung kommen, ist es 
meines Erachtens von Wichligkeit, auch genaucr festzuslellen, in- 
wieweit die gewolmlichstcn in Finnland gebrauchlichen serologischen 
Reaktionen der Lucs zuverlassig sind. 

Bei 10,954 Patienten dcr medizinischen Polildinik dcs Allgemei- 
nen Krankenhauses (Universitatskliniken) in Helsinki wurden die 
WR I, WR II, KR und MBR II unlersuchl. Die Prufung der 
Reaktionen erfolgte im Serobakleriologischen Institut dcr Dniver- 
sitat Helsinki und ist fast durchgangig von Dozen! Olof Sievers 
ausgefiihrt worden. 

Bei 401 Patienten war eine der vorerwahnten Reaktionen positiv 
oder suspekt. Alle diese Falle verwende ich bei der Behandlung der 
Frage von der Haufigkeit der Lues. 

236 der erwalmten 401 Patienten kamen zu meinor genaueren 
klinischen Kontrolluntersuchung. Diese Falle berucksichtige ich 
bei der Erorterung der Frage nacli der Spezifitat dcr Lucsreak- 
tionen. 

Von den genannten 236 Patienten litten an sekundarer Lucs 8, 
an kongenitaler Lues 13 und an siclierer oder wahrscheinlich 
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sicherer Spatlues 199. Die Spatluesfalle verwende ich bei der 
Behandlung der auf die Organlues beztiglichen Fragen. Bei den 
iibrigen 16 Patienten waren die positiven bzw. suspekten Lues- 
reaktionen unspezifiscli. 

WR I gab unspezifische Ergebnisse in 0.04 %, 

WR ri » » » » 0.06 %, 

KR » » » » 0.11 %, 

MBR ir » » » » 0.15%. 

WR I-positive und -suspekte Lues wurde in dem Material 
insgesamt. in 2.5 % angetroffen 1 , 

WR II-posilive und -suspekte Lues wurde in dem Material 
insgesamt in 2.78 % angetroffen 1 , 

KR-positive und -suspekte Lues wurde in dem Material 
insgesamt in 3.28 % angetroffen x , 

MBR I I-positive und -suspekte Lues wurde in dem Material 
insgesamt in 3.1 % angetroffen 1 . 

Irgendeine dieser Reaktionen trat in dem Material in 3.44 % 
auf 1 . 

Die Manner batten etwa 1.3 mal mehr Lues als die Frauen. 

65.8 % der mannlichen und 73.6 % der weiblichen Luetiker 
gaben zu, class sie nicht von Hirer Krankheit gewusst batten. 

6 der Patienten mit Spatlues batten vollstandige und 38 un- 
vollstandige antiluetiscbe Tberapie erbalten. 

155 der Patienten mit Spatlues batten keine antiluetiscbe Be- 
bandlung erbalten. 

Bei den an Spatlues leidenden Patienten kamen Veranderungen 
in der Aorta und im Zentralnervensystem in bedeutendem 
Masse vor. 

Aortenfebler waren insgesamt in 45.7 % festzustellen. Yon diesen 
waren unkompbzierte Aortitiden 24.1 %, Aortenklappeninsuffizienzen 
14.1 % und Aneurysmen 7.5 %. Aneur) r smen wurden bei den 
Mannern melir als bei den Frauen angetroffen. Der durcbscbnitt- 
bche Blutdruck war bei den Spatluetilcern erliobt. Systoliscbe 
Hypertonie wurde in 27.1 % gefunden. 

Eine wichtige Feststellung war die Symptomenarmut der un- 
komplizierten Aortitiden. Jeder zwei.te der Aortitispatienten batte 


1 Das Unspezifitatsprozent abgezogen. 
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keine auf eine Erkrankung der Kreislauforgane hinweisende sub- 
jektive Beschwerden. Wenn eine unkomplizierte Aortitis Be- 
schwerden ausloste, bestanden dieselben vorzugswei.se in prakor- 
dialen Scbmerzen. Die komplizierten Aortenprozesse baben 
dagegen in beachtlichem Masse subjektive Beschwerden verursacht, 
die sich besonders in Atemnot und stenokardischen Schmerzen 
ausserten. 

Bei den unkomplizierten Aortitiden war die Aorta in 27 % 
nicht erweitert. In den Obduktionsfallen wurde trotzdem eine 
sehwere Aortitis konstatiert. Im Ekg war die Strecke ST bei den 
Aortitiden in 73 % erniedrigt. 

Neurolues kam im ganzen in 61.2 % vor. Sie trat bei den Man- 
nern und Frauen im gleichen Masse auf. Die meisten Fade von 
Neurolues waren Encephalomyelitisfalle. Klassische Tabes und Pa- 
ralyse fanden sicli ausserordenllich sparlich. Von den Neuroluesf al- 
ien waren 15.2 % asymptomatischer Natur. 

Die Spatluespatienten zeigten subnormale Hamoglobinwerte 
in 37.3 % subnormale Erythrozytenwertc in 56.2 %, Leukozytose 
in 28.6 % und Leukopenic in 6.3 %. Die SR war in 85 % erhoht. 
Der Mittehvert der SR betrug 38.5 mm. Das Alter der Patienten 
schien keinen Einfluss auf die Holie der SR zu baben. 

Leber-, Lungen-, Larynx- und Pharynxlues kamen selten vor. 
Luetische Augenaffektionen waren etwas haufiger zu finden. 
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Einleitung. 

. Die geographische Pathologic hat Aviihrend der letzten Jahr- 
zehnte zAveifellos in immer starkerem Masse die Aufmerksam- 
keit auf sicli gelenkt : eine grosse Anzalil von Arbeiten Avurden 
guf diesem Forschungsgebiet veroffentlicht und ancli in Selnve- 
den sind einige grbssere Untersucliungen vorgelegt vorden. 
Trotzdem muss man feststellen, dass verschiedene Meinungen 
fiber die Bedeutung dieser Art von Pathoiogie herrschen. Dies 
ergab sicli auch deullich als ich neulich ein kurzes Beferat iibei’ 
die vorlaufigen Ergebnisse der vorliegenden Arbeit anliisslicli ei- 
ner Tagung der schwedischen Pathologenvereinigung liielt. Diese 
Ansicht ist versttindlich, Avenn man bedenkt, mit welch’ grossen 
Schwierigkeiten und Fehlerquellen die geographische Patholo- 
gic zu kiimpfen hat, und weim man heriicksichtigt, dass in den 
Aveitaus mcisten Fallen beachtliche Bedenken gegen ihre Metlio- 
den und das behandelte Material gerichtet AA'erdcn konnen. Der- 
-jenige, der nicht tiet'er in sie eingedrungen ist, kann also leicht 
zu der Auffassung kommen, dass dieser ForschungszAA'eig Avert- 
los sei. Und dock hat die geographische Pathoiogie einige au- 
gensclieinliche Ergebnisse erzielt. Enviihnt sei hier nur die 
Forschung in der Problemen der Struma, der Thyreotoxicose 
und der pernisidsen Ananiia. t ber das Yorkommen dieser 
Krankheiten verdanken Avir der geograpliischen Pathoiogie Klar- 
heit schaffcnde Angaben. UnzAA-eifelhaft; ist Aveiter, dass die ver- 
schiedenen Volksstamme xehr ungleich auf die unterschiedliclien 
Krankheiten reagieren. — 

• TVahrend der Arbeit an meiner fruheren Untersuehung fiber 
das Vorkommen derThyreotoxikose in Sclnveden Avurde bei mir 
ein grosses Introsse fur die geographische Pathoiogie und ihre 
Bedeutung begrundet, und es Avar mein AYunsch nach Yollen- 
dung dieser Arbeit eine iihnliche none Untersuehung durclizu- 
ffihren, um Kontroll- und Yergleichsmaterial fur die friihere 
Abhandlung zu crhalten. In Pbereinstimmung mit Professor 
Follcc Jlcnschcn , der mir boi meiner Arbeit fiber das Yorkom- 
rneu dor Thyreotoxikose in Schwedeu behilfiieh goAA'osen war. 
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mid nacli Besprecliungen mit den Professoren Viktor TVigcrt 
und Nils Antoni wurde als Gegenstand dev neueu Untersuchung 
das V orlcommen, der multiples Sklerose in- Schweden gewUlilt, 
Die Griinde fur diese Walil woven in der Hauptsache folgende: 
die multiple Sklerose ist liierzulande eine keineswegs seltene 
Krankheit, weiter ist sie kliniseh und patliologiscli lieutzutage 
siemlieh gut abgrenzbar und scliliesslich muss man auf Grund 
friiherer Untersucliungen im Auslande den Eindruck gewinnen, 
dass eine geographiscb-patbologische Studie gerade dieses Lei- 
dens zu wertvollen Ergebnissen fiihren konnte. 

Als icli diese neue geographisch-pathologische Untersuchung 
begann, war icli mil* der sich bietenden grossen Schwierigkeiten 
durchaus beivusst. Trotz dem erwiesen sich dieselben wiihrend 
der Arbeit als wesentlich grosser; insbesondere waren sie mit 
denen meiner fruheren Untersuchungen fiber das Vorkommen 
der Thyreotoxikose niclit vergleichbar und teihveise ganz ande- 
rer Natur. Nunmehr — nacli fiinfjahriger Arbeit — bin icli aber 
dock soweit gelangt, dass ich die Ergebnisse vorlegen kann. 

Eine besondere Freude bereitet es mir, dadurch die Gelegen- 
heit zu erhalten, Herrn Professor Henschen fur sein grosses In- 
tresse und die wertvolle Hilfe zu danken, die er mir bei der 
Planung der Untersuchung zuteil werdeu liess. 

Bei der Sammlung des Materials haben mir die Lizentiaten 
der Medizin Gosta Fallen his und Yngve Holms ted sowie Herr 
cand. med. Sven Sails from wertvolle Hilfe geleistet. Audi ihnen 
mbchte ich an dieser Stelle warmstens danken. 

Dank schulde ich alien Krankenhausiirzten Schwedens, die 
mir ihr Material an multipier Sklerose freundlichst zur Yer- 
fiigung gestellt haben, sowie auch der grossen Zalil von Provin- 
zialiU’zten, die liebenswiirdigerweise rneinen an sie gerichteten 
Fragebogen iiber das Yorkommen der multiplen Sklerose aus- 
fiilirlich beantwortet haben. 

Scliliesslich ist es mir eine angenehme Pflicht, der »Stiftel- 
sen- Therese och Johan Anderssons Minne» fur wertvolle peku- 
niiire Hilfe rneinen ergebendsten Dank auszuspreehen. 

Bei der tibersetzung ins Deutsche war mir Herr Stadtverwal- 
tungsrat K. Bolsche liebenswiirdigerweise beliilflich. 
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i. Kapitel. 

A. Der Begriff der multiplen Sklerose. 


Die multiple Sklerose ist scbon hinge als Kranlieit erkannt. 
Bereits 1S4S wire! sie in Cntvcilhicrs Arbeit erivalmt. Genauer 
bekannt Avurde sie jedocb erst dnreh Charcot's grundlegende Ar- 
beit 1SGS. Charcot Avar der erste, der den eharakteristisehen bis- 
tologiscben Aufbau der Krankbeitsherde im Xervensystem bei 
der multiplen Sklerose besebrieb. Seitdem ist die multiple Skle- 
rose in einer Menge von Scbriften bebandelt Avorden; von ver- 
sebiedenen Gesicbtspunkten ber Avurde sie erforsebt und scbliess- 
licb Avurde mil fortsebreitender Erkenntnis ein sebr grosses Ya- 
riabilitiit im kliniseben Bikl der Krankbeit erkannt. Auf diese 
Weise ist man nunmebr zu der Auffassung gekommen, dass die 
multiple Sklerose cine der geAvbbnlicbsten Erkrankungen im 
Xervensvstem ist. 

Zugleicb mil einer derartigen AusAveitung des Krankenbeits- 
begriffes musste man sicb aber dariiber im klaren sein, dass die 
Abgrenzung der multiplen Sklerose Avesentlicb sclnverer geAVor- 
den Avar. Das ebarakteristisebe Bild der Krankbeit, Avie es Char- 
cot besebrieb und das dureb die naeli ibm benannte Trias: Xys- 
tagmus, skandierendes Spracben und Intent ionstremor gekenn- 
zeiebnet Avurde, findet man nunmebr nur in einer geringen An- 
zabl von Fallen der multiplen Sklerose. 

In den Anfangsstadien ist die Diagnose oft sebr seliAA'er. Xicbt 
selten machcn die Patienten den Eindruek als litten sie an Xeu- 
rastbenie. Hysteric oder Bbeumatismus. GeAvbbnlieber ist aber, 
dass die Krankbeit mit ein Toil oft flfiebtigen Symptomeii be- 
ginut : beisjiiehveise Xeuritis optica — undzAvarin Form voriiber- 
gebender Amaurosis oder zentraler Skotome — , Diplopien, Fa- 
cia lisparese, spastisebe Paresen in den Beinen, Blasenstbruugeu 
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tmd Ataxic. Das hiinfigste unci bedeutungsvollste dieser Sym- 
tome ist olme Zweifel Neuritis optica. 

Das roll entwiekelte Bild dev multiplen Sklerpse bietet ge- 
wolmlich eine besondevs gvossc Fiille verschiedenev Symptoine, 
die axis den vevseliiedenen Teilen des Fervensystems hevgeleitet 
werden koimen and von Fall zu Fall — oft auch von Zeit zu 
Zeit im gleiclien Fall — wechseln. Manches Mai wird man sick 
xibev den Einzelfall erst ant Grmul der weiteren Krankheits* 
entwicklung ein Frteil bilden koimen, and es bedarf mitunter 
einer langwierigcn Beobachtung des Patienten, am zur Diag- 
nose zn kommen. 

Weim man versnchen wollfe, das Charakerislische der multi- 
plen Sklerose anl'znzeigen, so mtissen in erster Linie drei Punkte 
liervorgehoben werden: 1.) Toransgebende oft fliiclitige Ivrank- 
lieitssymtome, die viele Jakre bevor das eigentliclie ernslkafte 
Bild der multiplen Sklerose sick entwiekelt koimen. 2.) Ein po- 
lymorph klinisckes Bild, das auf Grand ckarakteristiscker pa- 
tkologisck-anatomiscker Yeranderungen im Fervensystem ent- 
stekt. 3.) Die Temlenz der Krankheit zn Bemissionen mit miter 
sogar zn Intermissionen. Das Bild der multiplen Sklerose wird 
von diesen drei Ilanptgrnppen von Symptomen insgesamt ge- 
bildet. 

Die Diagnose xvird im Kapitel liber die Besehaffung des Ma- 
terials znm Gegenstainl einer eingekenderen Besprecknng. 


j 8. Das Wissen fiber das Vorkommen und die Ver- 
breitung der multiplen Sklerose. 

Das Yorkommen der multiplen Sklerose war Gegenstand zakl- 
reicker Untersncluingen, von denen einige sckon vor drcissig bis 
vierzig Jakren durckgefuhrt warden. Diese versekiedenen Un- 
tersnckungen kdnnen aber nickt nnmittelbar miteinander ver- 
glicken werden, weil leider die Fntersncknngsmetkoden stark 
von einander abweichen. So wird beispielweise in einem Teil der 
Dalle die Zakl der an multiple Sklerose erkrankten Patienten 
im Yerhaltnis zn den iibrigen gleiclizeitig beliandelten Ferven- 
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fallen angegeben, in anderen Fallen sind sie zur Anzalil allei 
beliandelter Patienten in Relation gesetzt, in AA'ieder anderen 
Fallen wurden sie zu einer bestimniten olksinenge in Bezie- 
hung gesetzt. Der grbsste Facliteil der'meisten Publikationen 
■auf diesem Gebiet muss aber darin erblickt Aver den, dass das 
Material von nur irgend einer einzelnen Ivlinik lierangezogen 
-wird und dass dann das Yorkommeu im Yevluiltnis zu deni Um- 
•kreis studiert Avird, A’on dem angenonnnen wird, dass ihn diese 
Ivlinik unispa line. Hierdureh sind sicherlieh felilerhafte Schliis- 
se z. B. mit Bezug auf die Yerteilung der Krankheit unter Land- 
•und StadtbeAvolmern und innerliall) gevisser Berufsgruppen ent- 
standen. Ein Teil der Untersucbungon Avurde bei Militarplichti- 
gen durchgefuhrt, Avobei man a Is Felderquelle in Reclinung zie- 
lien muss, dass alle Untersuehten sicli in einem Alter befinden, 
in dem die multiple Sklerose am gewohnlichsten ist. Fur in ei- 
ner geringen Anzalil Arbeiten Avurden grossere odor kleinerc 
Gruppen eines ganzen Yolkes studiert. Wenn diese Fntersuch- 
ungcn also aucli niclit voll vergleiebbar sind. so enthalten sie 
dock Yieles, das von bedeutenden Wert und grossem Interesse 
ist. 

Fm grossen geselien kann man sagen, dass Steiner die Yer- 
hiiltnisse in Europa daliin zusammenfasst. dass die multiple 
Sklerose in den librdliclien Staaten Europas also in Skandina- 
vien, England, Gross-Deutscliland, Ford- und Zentralfrankreicli, 
den Fiederlanden, Belgien und der Schweiz gewbhnlichcrAveise 
A'orkomme. Die Krankheit. Avare dagegen ungeAVohnlich in Siideu- 
ropa d. h. in Ilalien, Spanien, Rumanien soAvie enllang der Mit- 
telmeerkuste Frankreielis. Fmfangreichere Fntersucliungen der 
europiiischen Yerhaltnisse sind nur in Danemark, Deutschland, 
England und der Sclnveiz A'orgenommen. 

In Danemark fiihrte Craw eine Untersuchung tiber die Loka- 
lisation der Fiille (lurch, die bei den IvrankeiiA'ersicherungsge- 
sellschaften angemeldet Avorden Avaren. d. h. also der Fiille, die 
Invaliditiitshill'e bekamen. Er fand, dass die multiple Sklerose 
in einer Zone, die die Mitte der Ilalbinsel Jutland und die In- 
sel Fiinen umfasst haufiger anzutreffen Avar als ndrdlicli des 
Limfjord, sudlich des Kongellusses und bstlich des Grossen Belt, 
avo sie seltener auftrat. Ganz selten Avar sie auf Bornholm. 
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In Deutschland wies Muller sclion 1904 darauf liin, dass die 
multiple Sklerose eine gewohnliehe Nervenkrankheit ware und 
dass Hire Frequenz siclierlicli diejenige der Syringomyelien und 
dec Lues cerebrospinalis iibertriife, ja mbglicherweise die der 
Tabes dorsalis erreiclie. Dass die Kranklieit nicht ungewohn- 
licli war, geht aucli daraus liervor, dass Max Borst — worauf 
Bing im gleicheu Jalire liinweist — in seiner 1904 herausgege- 
benen Monographic iiber . die multiple Sklerose iiber nicht we* 
niger als 252 deutsclie Arbeiten referiert, gegeniiber nur 82 fran- 
zosischen. 1932 schiitzte Marburg die Anzahl der Fiille von mul- 
tipler Sklerose auf 10 % aller Nervenfiille und 193S gab Schal * 
tcnbrand die entsprechende Ziffer mit c:a S %. Eine Totalzahl 
aller Krankheitsfiille in Deutschland findet sicli nirgeiuls, aber 
Schaltenbrand berechnet die Frequenz auf etwa 1 pro Mille der 
Bevblkerung. Danach ist die Kranklieit reclit gewolmlieh in 
Deutschland. Die Ausbreitung der multiplen Sklerose iiber das. 
gauze Land ist aucli deutlichen regionaren Wandlungen unter- 
worfen. Voss studierte das Yorkommen der multiplen Sklerose 
in verschiedenen Kliniken Deutschlands und fand, dass, wenn 
ban 5 Kliniken des ostlichen Deutschlands mit ebenso vielen 
des westlicheu vergleipht, man in Ostdeutschland 137 Fiille und 
in Westdeutschland 403 Fiille der Erkrankung feststellt. Er ver- 
tritt die Ansicht, dass der Unterschied so in die Augen fallend 
wiire, dass fiir ihn eine Ursache lokaler, klimatischer, socialer 
oder rasseubiologischer Art gefunden werden nnissen. Ver- 
gleichsweise erfragte er aucli die 'i'erhaltnisse in Dorpat und 
fand dort ebenfalls eine niedrigere Frequenz der Kranklieit. 

Zusammenfassend kann man also sagen, dass die multiple 
Sklerose oft in Deutschland vorkommt und zwar melir in sei* 
lien westlich^n als in den ostlichen Teilen. 

Was England betrifft, so finden wir zuniichst eine Dnter- 
suehung von Bra m well. Er berechnet die durchschnittliche Le- 
bensdauer der Patienten mit multipier Sklerose auf 8 Jahre und 
schiitzte gesttitz auf disee Ziffer und den jiihrlichen Todespro- 
zentsatz das Vorkommen der multiplen Sklerose bei den leben- 
den Personen Englands einschliesslicli Wales auf 100 Fiillen fiir 
1 Million Individuen. Wilson berechnete die Mortalitiit fiir jede 
Grafscliaft in England fiir das Jalir 1925 und fand sie fiir das 
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gauze Land mit 17,5 per 1 Million Eimvohner. Die Frequenz a a- 
riierte indessen liochst bedentend ffir die verschiedenen Graf- 
schaften. So hatte beispielsAveise der Gerichtsbezirk von Peter- 
borough eine Todesziffer von 103,3 per Million, Aviihrend in den 
Grafschaften Meddlesex, Dorset und Buckingham die Ziffer nn- 
ter 9 per Million betrug. Russel Bra hi legte 1930 eine Statistik 
von The Hospital for Epilepsy and Paralysis in London vor, die 
5 Jahresperioden 1924 — 2S umfasste, und auf Grand deren er 
feststellte, dass in diesem Xervenmaterial die multiple Sklerose 
etwa S % ausmaehte. Diese Ziffer stimmt mit der von S ch alien • 
brand fur Deutschland gefnndenen gut tiberein. Russel Brain 
zeigt aucli auf, dass bei der multiplen Sklerose jahrlich ca. 7G0 
Todesfiille in England vorkommen, Avas ungeffihr 20 auf 1 tril- 
lion Eimvohner bedeutet. 

Eine Untersuchung von teihveise anderer Art ist die, die 
Allison 1929 iiber die Verluiltnisse in Xordwales machte. Er 
sammelte mit nilfe aller Aerzte das gesamte Material an mul- 
tipler Sklerose in einem Bezirk von 2s ord wales, untersuehte die 
verschiedenen Fjille selber und studierte deren verschiedene Yer- 
lialtnis.se insbesondere Lokalisation, Alter. Beruf urav. Er fand 
auf diese M'eise 71 sichere Falle von multipier Sklerose und 
zAvar diffus verteilt iiber den gesamten untersuehten Bezirk, 
der 1S9 000 Eimvohner umfasste. 

Das Land, das lusher die besten statistischen Untersucluingen 
iiber das Vorkommen der multiplen Sklerose besitzt, ist die 
Schweiz. Dort legten Bing und Reese 192G eine Arbeit iiber die 
multiple Sklerose in der Xord west schweiz vor und Acl'crmann 
setzte 1931 die Statistik iiber das gauze Land fort. Bing und 
Reese gingen bei ihrer Fntersuchung derart zu IVege, dass sie 
vom Eidgenossischen Gesundheitsamt einen Fragebogen an alle 
Aerzte der zu untersuchenden Gebiete versenden liessen. In der 
Enquete furden die einzelnen Aerzte fiber die Zalil der von 
ilmen wahrend der Jalire 191S— 3922 behandelten Falle von 
multiple!* Sklerose befragt; Aufschluss wurde aucli fiber die 
haupsachlichsten Symptome dieser Falle begelirt, sowie Align* 
ben iiber die iibrigen Umstande z. B. Alter, Beruf, Geschleclit, 
TTohntuig. Zugleich mit der Herausgabe der Fragebogen er- 
schien in der Revue Medicinal de la Suisse Eamande ein aus- 
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gezeiclmeter orieutiei’endei* Artikel Tiber multiple' Sklerose. Auf 
diese Weise erbielten die Verfasser fur die 'Xordwestsclrweia 
281 Fiille. Nadi sorgfiiltiger Dxxrchsiclit des Materials steilten 
sie test, ■ class es dui*chaus zuvei’liissig wai*. Aclcehnarin - delinte 
dann diese Untersuelniiig liber die gauze Schweiz aus und ei*- . 
hielt so zusaiumeu 610 Fiille von mxiltipler Sklerose.' Das exit-' 
spi’aclx einer Morbi d i t a tszif f er vou 1,96 auf 10 000, bereclmet 
im Vei*haltnis zur Yolksmenge (310SOOO) der Schweiz flir 1930. 
Am meisten betroffen war der Kanton Zurich mit 3,9 auf 10 000. 
Beim Studium der Frequenzkarte, die Acker mann veroffent- 
lichte, nimmt man wahr, dass die Frequenz auffallig gilisser ini 
nordlichen Teil als im siidlichen ist. Allerdings findet man im 
Alpental Moesa, das in der Stidschweiz liegt, eine stiirkere Fre- : 
qxxeuz; doch kanix dies ein Zufall sein, denn es handelt sich nur 
urn 5 Fiille auf etwast melxr als 6000 Einwohner. 

Zusammenfassend kann man feststellen, das ein auffalligeir. 
Unterschied zwischen der nordlichen und der siidlichen Schweiz 
besteht, wobei die Frequenz im Norden erkennbar grosser ist. 

Yon den iibrigen Teilen Europas gibt es nur vereinzelte ge- 
finge Statistiken. Als solche wird man die von Voss gemaclite 
Angabe auffassen mtissen, dass er wiihrend der ganzen langen 
Zeit seiner siebenjahrigen Arbeit an der Nervenklinik in St.: 
Petersburg nur einige vereinzelte Fiille von mxiltipler Sklerose 
beobachtet habe. 

Kreindlcr meldet 86 Fiille aus Bumiinien (1934), Marinesco 
gibt an, dass die Ki’ankheit in Bumiinien ungewohnlich sei. Und 
Borreguero sagt das gleiche fur die Lage in Spanien. Nach Guil~ 
lain sind die Mittelmeerliinder im Yergleich zu Mittel- und Noid- 
europa relativ verscliont. 

In Amei'ika wxrnle friiher angenommen, dass die multiple 
Sklerose recht ungewohnlich ware. Zixerst wurde dies von Smith 
1904 hervorgelioben, der seine Untersuchungsei’gebnisse aus den; 
USA, mit den Angaben verglieh, die Bramiocll als den engli-; 
schen Anteil errechnet hatte. Audi Bramtocll liatte die Ansiclit 
vertreten, dass die multiple Sklerose in England viel gewohn-; 
licher sei als in den USA. 1922 stellte Wechsler 1970 Fiille von; 
mxiltipler Sklerose zusammen, von denen er 1773 aus der Litte- 
ratur zusammengelesen, den Best selbst studiert hatte. Ex; 
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glaubte sick in tier Lage aufweisen zu kbnnen, dass die multiple 
Sklerose, die friiher reclit ungeAvbknlick in den USA. gewesen 
sei, min kiiufiger geworden wave. Er verglicli dalier bei seineni 
zusamniengestellten Material die Verlnvltnisse in den USA. mit 
denjenigen in Enropa nnd kam zu dem Ergebnis, dass die euro- 
piiiscben Angaben eine Dirrclisclinittsfrequenz von 1,33. % zu- 
Jiessen, Avalivend die amerikaiiisclie Statistik diese Ziffev mit 
0,36 % gab. 

Im selben Jahr — 1922- — verbffentlicke Davenport eine 
gvosse Arbeit fiber die geographisclie Verbreitung der mul- 
liplen Sklerose. Davenport untersuclite das Vorkommen del* 
Krankheit an Hand der iirztlichen Untersncluingen der Aviikrend 
des friikeren Weltkrieges eingezogenen Manner nnd land, dass 
die hbekste Ziffer IS anf 100 000 Individnen geAvesen. Man mnss 
sick bei dieser Angabe allerdings beAvusst sein, dass das Mate- 
rial, das Davenport sick anf solclie TVeise besekafft liatte, ja 
nnr das mannliche Gesckleclit, belrifft nnd dass es gerade die 
Allersgruppen bekandclt, bei denen die multiple Sklerose am ge- 
AA-bknlichsten vorkommt. Das Verkaltnis der von der Gesamt- 
bevblkerung der USA. an multipier Sklerose erkrankten Bevbl- 
kernng dtirfte niekt libber als 5 anf 100 000 sein. Davenport 
fand cine deutlieke geograpkiseke Yersckiedenkeit kinsicktlick 
der Verbreitung der Krankkeit. Die kbeksteii Ziffern seines Ma- 
terials Avurden in Miekigan, Minnesota, Wisconsin nnd in Stan- 
ton, die an die grossen Seen grenzen, gefnnden. Ansserkalb die- 
ser Gebiefe ergaben die kbchsten Ziffern die Staaten Washing* 
ton, Mississippi nnd Maine. Aber man kann anf die Detailstudien 
soldier Untersnckung niclit allznviel GcAvickt. logon, Aveil sie ja 
mir eine vorkaltnismassig geringe Anzakl von Fallen umfasst. 
Dennook Avird man znsammenfassend bchaupten diirfen. dass 
diese Untersnckung erAviesen hat, dass ein bemerkensAverter Un- 
tersekied ZAviscken den nbrdlicken nnd den sudliclien Teilen der 
USA. dergesfalt bestekt, dass die multiple Sklerose geAvblm- 
Jicber in den Xorddistrikten, ungcAvbknlicker in den siidlicken 
ist. 

Um das Vorkommen der Krankkeit. in den ubrigen Teilen der 
lYelt; beurteilen zu kiinneii, stelien nnr vereinzelte publizierte 
Angaben zur Verfugung. Xaeli einer Mitteilung bei Steiner ist 
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die multiple Sklerose selten in Brasilien und nacli Russel Brain, 
auch in Chile. Russel Brain und Kooy geben an, dass sie selu* 
lingewolinlich in Siidafrika sei, aber in Ostafrika von Fischer 
beobachtet wurde. Stender teilt mit, dass die Krankheit in Ma- 
dagaskar und in Aegypten unbekannt ware. 

. Was Asien angekt, so wild die multiple Sklerose von Miura 
und Pjister als in Japan und China zu den Seltenlieiten geho- 
rig angesehn. Dieselbe Auffassung wird von Wood fur den Chi- 
nesischen Teil, von Okhuma- und Stender fur den Japanischen 
Teil vertreten. Wood’s Arbeit erschien 1929 und bestand aus ei- 
ner Studie iiber das Material der neurologischen Kliniken in Chi- 
na. Er berechnete das Yorkommen der multiplen Sklerose teils 
im Verkaltnis zu den neurologischen Fallen, und zwar mit 150 zu 
100 000, was 0,15 % entspricht, teils im Verhiiltnis zu den ge- 
wohnlichen Erkranknngen mit 75 zu 100 000. Er liatte nur zwei 
klassisclie Fiille gesehen und in der chinesisclien Litteratur kei- 
nen Fall gefunden, von dem man annelimen konnte, dass er zu 
dieser Krankheitgruppe geliore. Keinerlei anatomische Unter- 
sucliungen waren gemaclit worden. 

Cuthbert Sjmnvson arbeitete zwei Jalire lang in Mesopata- 
mien und danach in Britisch Indien und fand walireud dieser 
Zeit zwei Fiille bei Europaern und keinen bei Eingeborenen. In 
ICalkutta warden einige typische Fiille unter den Eingeborenen 
festgestellt. Im Pundscliab ein Fall bei einem Indoeuropaer, in 
Bengalen 10 Fiille, von denen 2 Europiier betrafen. Verhaart 
hat im Zeitraum von 5 Jahren 11 Fiille von multipier Sklerose 
in Batavia beobachtet. In der Nervenklinik dort findet man 
etwa 100 Kranke jiihrlich und der davon entfallende Prozent- 
satz beliiuft siclx auf 0,24 %, eine selir niedrige Ziffer. 

Beringer beobaclitete in Burjat-Mongul in russisch Sibirien 
siidlich des Baikalsees relativ oft multiple Sklerose. 

Schliesslicli gibt Stender an, dass auf Island die multiple 
Sklerose gewbhnlicher als Lues sei. 

Wenn man in Kiirze das zusammenzufassen versuclit, was 
iiber das Vorkommen und die Ausbreitung der multiplen Skle- 
rose bekannt ist, so kann man im Grossen gesehn sagen, dass 
die Krankheit sowolil in Europa, wie in den USA. ziemlich ge- 
wbhnlicli ist, docli liiinfiger in Europa als in Eordamerika vor- 
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Ivommt. In beideu Erdteilen ist der nordliclie Kamil am meisten 
betroffen. Wie Steiner es ansdruckt, ist die multiple Sklerose 
iu Europa miter 10 Grad nordlieher Breite sehr selten mid in 
den USA. miter 30 Grad. In den iibrigen Teilen der Erde ist 
die Kranklieit selten, doeli Avird ilir Vorkommen soavoM ans 
Sudamerika mid Siidafrika gemeldet, Avie ans Asien. 

Es verstelit sicb von selbst, dass man durch die vereinzelten 
Untersucliungeiij die tiber die Verbreitung mid das Vorkommen 
der mnltiplen. Sklerose angestellt Avnrden, nnr ein sehr nnsiche- 
res mid mivollstandiges Bikl erhallen kann. Die gesmullieits- 
pflegeriselie IVirksamkeit mid die Stellung der Bevolkermig der 
Artzten gegeniiber diirfte aucli reclit verschieden an den ver- 
schiedeuen Stellen der Erde sein, was bedentet dass die Anga- 
ben, die von so vielen verschiedenen Platzen kommen, mil; gros- 
ser Unterschiedlielikeit beurleilt. iverden im'issen. Trotzdem hat 
es den Anschein, als ob bei den Untersnehmigen, die bislier in 
dieser interessanten Frage zu Stande gekommen sind, geogra- 
phische Verscluedenheiten im Vorkommen der Kranklieit ge- 
fmiden Avordcn Avaren. 
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2. Kapitel ”Das Material”. 

1. Die Beschaffung des Materials. 


In derselben Weise, wie bei meiner Untersu cluing tiber das 
Vorkommen der Tbyreotoxikose in Schweden babe icli mil* fur 
die multiple Sklerose Material von den verscliiedenen Kranken- 
biiusern des Landes verscliafft. Wenn man eine geograpbisch- 
patliologiscbe Studie wie die vorliegende beabsicbtigt, kann es 
keinem Zweifel unterliegen, dass die Bescbaffenbeit des Mate- 
rials von entselieidender Bedeutung ist. Und zwar kommt es 
nicbt mir darauf an, dass die eingesammelten Fiille eine ricli- 
tige Diagnose aufweisen, sondern von mindestens gleiclier Be- 
deutung ist es, dass das eingesammelte Material im Hiublick 
auf das relative Vorkommen innerhalb der verscliiedenen Di- 
strikte liomogen bleibt. Die multiple Sklerose gehcirt zu den 
Krankenheiten, die in grbsstem Ausmass die Patienten ins 
Krankenlians ffllirt. Die oft sehr invalidisierenden Symptome 
ersebrecken die Patienten und veranlassen sie arztlicbe Hilfe 
aul'zusuclien. Das Kraukenliausmaterial der Kranklieit muss 
da her die meisten an multipler Sklerose Erkrankten umsclilies- 
sen. 

Trotzdem fin den sicli naturlich niclit alle Falle der Krank- 
lieit in Ivrankenbausern. Eiu Teil wird zu Hause bebandelt, an- 
dere sind vielleicht zufiilligerweise in irgend eine neilstiitte 
gelegt worden. Dass es sicb liierbei aber keineswegs nm 
eine grossere Auzalil von Fallen liandelt, gelit aus einer 
Umfrage bervor, die icb an samtliebe Provinzialiirzte des 
Landes richtete und iiber die icb weiter unten nocli bericb- 
ten werde. Aus den Antworten auf diese Umfrage kann man 
niimlicli entnebmen, dass diese Arzte sogut wie ausnalims- 
los Fiille, die sie im Verdacbt der multiplen Sklerose baben oder 
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bei denen multiple Sklerose vermutet wird, ins Krankenliaus 
senden. Sonacli kann man voraussetzen, dass die allermeisten 
Falle von multipler Sklerose irgendwann einem Krankenliaus 
zugeftihrt werden, um riclitig diagnostiziert zu werden. Ein 
Material, das aus deni Ivrankenha immaterial der verscliiedenen 
Ivrankenhauser des Landes liergeleitet wird, diirfte deshalb den 
grossten Teil der Fiille von multipler Sklerose umfassen, die 
wall rend der Untersucliungsperiode an der Ivrankheit erkrankt 
sind. Bei meiner Untersuchung der multiplen Sklerose, die im 
Jala* 1935 in Angriff genommen wurde, iiabe icb das Kranken- 
liausinaterial der zehnjalirigen Periode von 1925 bis 1934 ge- 
Aviililt. Der Grand, varum ich gerade diese Periode wiihlte, ist 
zunhchst darin zu selien, dass ich es fur notwendig iiielt, bis 
zum .Jahre 1925 zuriickzugelien, um hinreiehend grosses Mate- 
rial zu erhalten, we iter aber auch darin, dass ich niich bei mei- 
ner vorhergegangenen Untersuchung der Thvreotoxikose der 
gleichen Periode bediente un<l dergestalt in dem Thyreotoxi- 
kosematerial eine Kontrolle erhalten konnte fiir die bier ange- 
waiulte Untersuchungsmethode. 

Eine vorliiufige Align be liber das Yorkommcn der multiplen 
Sklerose im Lande kann man aus den Jahresberieliten erhalten, 
die die verscliiedenen Krankenhauser an die Konigl. Medizinal- 
verwaltung erstatten. In der Tabelle 1 babe ich die Ziffern der 
Jahresberichte zusammengestellt. 

Gesttitzt auf diese Tabelle babe ich dann bei Besucben der 
verscliiedenen Krankenhauser mich nach den berichteten Fallen 
von multipler Sklerose mngetan urnl vollstandige Journalab- 
schriften derselben gemacht. Bei dieser meiner sehr zeitrauben- 
den und kostspieligen Arbeit hatte ich eine wertvolle Hili'e 
durch die Lizentiaten der Medizin Goat a Fallenius und Yngve 
Ilolmstedt, sowie durch meinen Binder den Kandidaten der 
Medizin Sven Sallstrom. 

Das gesammelte Material, das zusammengefasst aus 3 (541. 
Journalabsehriften best and, wurde karteimassig registriert und 
in alphabetische Reihenfolge gebracht. Ilierbei zeigte sieh, dass 
eine sehr grosse Anzahl Patienten im Register mebrere Male 
geiuhrt: worden waren, denn ein Teil dieser Patienten war mebre- 
re Male im selben Krankenliaus behandelt; worden, ein Teil liatte 
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In inehreren verschiedenen Krankenliiiusern gelegen. In tier Ta- 
belle 2 liabe ich die Ziffern, die diese Verhiiltnisse belenchten 
zusammengestellt. 

Auf diese "Weise wire! die Anzalil tier <Jer Konigl. Medizinal- 
verwaltung angegebenen Fiille um mein* als 30 % verringert. 
Wahrs clieinlicli diirfte diese Ziffer noch holier sein, denn in 
einigen Krankenliiiusern sind die Patienten, die ztvei- oder melir- 
mals iviihrend desselben Jalires eingelegen liaben, im Jaliresbe- 
richt als ebensoviele verschietlene Fiille angegeben worden. 
Demgegentiber ist in der Tabelle jeder Fall nnr als ein Fall 
gereclmet ivorden, auch venn liber ihn mehrere Journale ge- 
funden ivurden. 

In einer geringen Zalil von Fallen — etvva bei 30 — 40 konn- 

ten Journaleintragungen niclit festgestellt verden. 

Durch all diese verscliiedenen Umstiinde wire! mein Material 
Aveiter vermindert nntl es verbleibt schliesslieli eine totale An- 
zahl von 2100 Fallen. 
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Tabelle 2. Dio Tabelle zeigt, wic die der Kdnigl. Medizinalverwaltung 
berichteten Fiille dadurch vermindert werdeu, dass sie mehr- 
facli im selben odor in verschiedenen Krankenlntuseren be- 
liandelt warden. 


Anzabl der Beband- 
lungsporioden im sel- 
ben Krankenhans 


3 

4 

5 

6 

7 

8 

9 

S'nmme 

Die tatsachliclie Zahl 
der Patienten 




35 


0 

1 

1 

573 

Die Zalil der gefiilir- 
ten Journalfalle 



176 

175 

60 

0 



1535 

Anzabl der Anfentlialte 

in verscliiedenen Ivran- 

kenlniusern 

2 

3 

4 

5 

6 

7 

8 

9 

Summe 

Die tatsiicliliclie Zalil 

der Patienten 

211 

35 
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0 
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0 

0 

251 

Die Zalil der gefiilir- j 
ten .Tournalfiille j 
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422 j 
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20 ( 
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Im Anschluss an diese Feststellungen sind dann die Journale 
eingehend durchstudievt und die verschiedenen Fiille beurteilt 
Worden. Bei einer Ivrankheit, Avie der multiplen Sklerose ist es 
selbstverstiindlich, dass viele Fiille unsicher sind. Ich Avar ge- 
zAvungen aus deni Aorliegeiulen Material niclit Aveniger als 
735 Fiille als unsicher auszumerzen, also etuva 30 % aller Fiille. 
Mit Bticksicht diese grosse Zahl unsieherer Fiille liabe ich es 
fiiv notwemlig gehalten in einem spiiteren Ivapitel gerade diesen 
Teil des Materials nocli ausfiihrlicher zu behandeln. Bei 1305 
Fallen Avird angenommen, dass sie ein einigermassen sicheres 
Bild der multiplen Sklerose darbieten. Die Prinzipien fur deren 
Beurteilung und eine ausfiihrliche Darlegung der hauptsiich- 
iiJmten Symptom komplexe bei diesen Fiillen Averdeu im foi- 
genden Ivapitel gegeben. 

An siimtliche Fiille, die sicheren soaa'oIiI Avie die unsicheren, 
Avurde nunmehr ein Frageformular folgender Fassung lieraus- 
gesand : 

1. tV o und wann sind Sie goborenV 

tt ie lango wohnten Sie am Goburlsort? 
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Sind S'ie von dorl verzogen? 

Wo liaben Sie seitdein gewolmt und wie bulge nn jedem Platz — 
Angnbe dor Jalireszalil erlietenV 

2. Wann stellten Sie erstmalig fest, dass Sic diese Nervenkrankheit 
batten? 

Waren. Sie vorber immer gesund gewesen ? 

Wo wolmten Sie als die Krankbeit begann? 

Wie lange waren S'ie zn dieser Zeit selion dort ansiissig? 

3. AVie bemerkten Sie znerst, dass Sie krank waren? 

Kainen die Krankbeitsbescliwerden pliitzlicli odor suebten Sie anf 
Grand langsamer A T erscbliniinerung das Krankenlmns uni Ililfe auf? 
AA T aren Ibre Bescbwerden witbrend der ganzen Zeit gleicli sclnvere 
oder batten Sie gewissen Perioden mit fiililbarer A'erbcsserung? 

4. AA’enn ja, wie lange waren in solcbcin Fall im allgeiueinen die Krank-, 
beitsperioden niul wie lange waren Sie dann besser? 

Halien die Krankbeitsbescliwerden vor vielen .Taliren begonnen und 
waren sie dann wiibrend langor Zeit nngefiilir die gleicben, mn sicli 
pliitzlicli zn versclilinunern ? 

5. Gibt es in Hirer Vcrwandlscbaft jenianden, der an derselben Ncr- 
venkranklieit wie Sie lcidet oder lit t ? 

In weleliem A T erwandtseliaftverbiiltnis stelit er zu llinen? 

Gibt os in Hirer Knigebnng (Naclilmren. Bekannte usw.) jenianden, 
der an derselben Krankbeit leidet oder litt? 

Gibt es in Hirer A'erwandtscliaft jenianden, der an Tuberkulose, 
S'tnuna, geistiger Zuriiekgobliebenlicit, llirntuinor oder oilier aiule- 
ren Geliirn- oder Nervenkrankbeit lcidet? 

G. AA’aren Ibre Eltern niiteinander verwandt? 

AVenn ja, in welcliein A'erwandtscbaltvcrliiiltnis standen Sie zuei- 
nander? 

AA T elclien Bernf (welebe Beseliiiftigung) batten Hire Eltern? 

7. I-Iaben Sie selbst cine der naclifolgendcn Krankbeitcn geliabt? (Uin 
Angabe der Jalireszalil, wann Sie erkrankten wild gebeten) : 

Luugen tuberkulose ? 

Andcre Arteu der Tuberkulose? 

.Erythema nodosum (»knolrosx>) ? 

Gelcnkrheuinntismus ? 

Gebirnliautentziindung? 

Haben Sie anderc Kranklieiteii geliabt? 
liaben Sie als AA’affentriiger gedient oder geiibt? 
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S. Was batten Sic im Jalirc vor Hirer Erkrankung fur einen Bemf? 

Worin bests ml Ibre Arbeit? 

Waren S'ie ausserlialb ties Hanses bcsclniftigt ! 

Waren Sie inncrhalb ties Hanses bescliiiftigt? 

Wie war tier Arlieitsplatz gelegen? 

Ilaben Sie stets dieselbe Arbeit oder denselben Beruf geliabt? 

AVann wecliselten Sie den Bernf? 

AVelcher Art waren Hire Lebensumstiinde ini Jnlire vor Hirer Er- 

krankiing? 

Wie war Hire Wolmnng gelegen? 

1). Hatten Sie wiibrend tier Zoit. die Hirer Erkranknng voran gin g. 

etwas mit Hanstieren zti tnn? 

Ilaben Sie an tier I’flege von Tieren tcilgenoniinen? 

nation Sie selbst Tiere? 

Ilaben Sie kranke Tiere gepflegt? 

30. AVorin erblicken Sie selbst die Ursa die Hirer Krankbeit? 

Diese ICorrespondenz Avar sehr zeitranbend. Die crsten Briefe 
Avimlen Anfang 1920 versanti nnd die letzten AntAvorten knmeu 
ini November .1941 herein. Eine ziemlieh grosse Anzahl Patien- 
ten Avaren Aval iron d dieser 10 jiihrigen Zeitspanne niclit einmal 
sondern mehrmnls verzogen. Da her war ich gezAvnngen den An- 
sehriften von mehreren hundert Fallen in Pastoraten nnd Mel- 
deamtcrn nuchzngehen. In einer hestimmtcn Zahl von Fallen 
konnten koine Angaben erlangt Averden, Aveil die in Fra go ste- 
hendcn Patienten einige Zeit nach ilirein Krankenliau.saufent- 
halt vorstorben waren. In reehl viclen dieser Falle konnte ich 
die* Palienlen allordings dnreb Knekfragon boi den entspreehen- 
den Pastoralen lokalisieren. A lies in Allem erhielt ich auf mcine 
Bundfrage 128-1 Anlwortcn. d. li. also, thiss elwa (!(i r/ , des ge- 
saniten Patienlennnilerials (2100 Fjille) sich gea assert haben. 
209 dieser AntAvorten betrafen die unsicberen nnd 1015 die siehe- 
ren Fsille. In Prozenten anlworteten demnach etAva 60 % der 
an sieheren nnd etwa 75 tier sicheren Fiillc. Diese letzt. ge- 
nannte Ziffer entsprielit genan der. die ich bei meiner Unter- 
snelmng der f liyreoloxikose im Lande erhielt. Angaben fiber 
die Verbaltnisse von Patienten in geograph ischer ITinsiebt 
konnten in 155 Fallen in den Pastoraten erlangt Averden. Nar 
in .195 Fallen babe ich niebl die geringste Antwort erlialten. 
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Diese Patienten konnten aucli in Pastoraten oder Meldeiimtern 
unter den in den Journalen angegebenen Anscliriften niclit er- 
niittelt Averden. Anf Grand der Antworten des Fragebogens 
konnte das Material Aveiter verringert Aver den, denn in 5 Aveib- 
liclien Fallen batten sicli die Patientinnen zAvisclien ZAvei ver- 
scbiedenen Krankenhausaufentlialten verheiratet und Avaren in- 
folge des Eamensvechsels in der Ivartei als ZAvei verscliiedene 
Falle aufgenommen Avorden. 

Das Yerschicken des Fragebogens zeigte sicli von grosser Be- 
dentung fur die Lokalisierung der Patienten innerlialb des Lan- 
des. Fine Untersuckung, die sich ledigliclv anf die in den Jour- 
nalen angegebenen Ansckriften gestiitzt lnitte, Avurde siclierlicli 
sebr- unzuverlassig und irrefflhrend geblieben sein. In einer kei- 
nesAvegs geringen Anzalil von Fallen batten die Patienten niiin- 
licli im Journal die zufiillige Ansclirift eines Venvandten Oder 
Bekannten in der Stadt, in der sicli das Krankenliaus befand, 
angegeben, Avalirend ilire eigene Ansclirift eine ganz andere Avar. 
In einem Teil anderer Falle Avaren die Patienten erst kttrzlich 
an die im Journal angegebene Stelle umgezogen und Avaren an 
einem ganz anderen Ort erkrankt. Fiir die multiple Sklerose 
ist es charakteristiscli, dass lange Zeit, ja mancbmal viele Jahre 
ebe das vollstiindige Bild der multiplen Sklerose sicli kund tut, 
geAvisse specielle praemonitorisclie Symptome auftreten, die den 
Beginn der Kranklieit anzeigen. Dalier Avar es fiir diese Unter- 
sueliung von grosster Bedeutung, genaue Keclienschaft iiber die 
A'erscbiedeiien Auftentlialtsorte der Patienten von ilirer Geburt 
bis zum Zeitpunkt des Erkrankens und der Aufnalime im Kran- 
kenliaus zu erlialten. 


2. Die Behandlung des Materials. 

a.) Diagnostische Analyse des zn bchandclnden Materials. 

Nacli Durclisiclit des Materials verblieben 1365 Fiille, die 
Symptomkomplexe aufiviesen, die sicli bei der multiplen Skle- 
rose finden. Richtunggebend bei der Beurteilung dicser Falle 
war das gleichzeitige Vorlcommen melirere Symptome, die anf 
xerschiedene multiple Herde des Fcrvensy stems ziirdclcgefiHirt 
icerden konnten. 
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Pathologisch-anatomische Untersuclmug der Fiille war in 
grosserem Ausmass niclit erfolgt, obwolil das Material liolie 
Mortalitiit aufwies. Allerdings diirfte dies darauf zuriickzu- 
.ftihren sein, dass die Patienten verhultnismiissig selten im Ivran- 
kenhaus verstorben sind. Gewblinlich waren die Patienten mu* 
zur Stellung der Diagnose ins Krankenlians gekommen nnd 
dann wieder nach Hanse oder in Pflegeanstalten verbraclit wor- 
den, wo sie spiiter verstarben. Kur in 33 Fallen wnrde eine Ob- 
duktion vorgenonnnen nnd die Diagnose verificiert. Die patlio- 
logiscli verificierten Diagnosen sind also zu gering um von ir- 
gend einer Bedentnng bei der Benrteilnng des infrage koramen- 
den Materials zu sein. 

Wichtiger fur die Diagnose war es, dass die Pastorate in ei- 
ner recht grossen Anzalil von Fallen nach Ableben der Patien- 
ten als Todesursache multiple Sklerose angabeu. Em an multi- 
pier Sklerose erkrankter Patient stribt gewblinlich niclit 
ohne lange schwer krank daniedergelegen zu haben und man 
darf daher in den meisten dieser Fiille voraussetzen, dass der 
Arzt, der den Totenschein ausgestellt hat, gate Gelegenheit hnt- 
te die Krankheit des Patienten zu studieren. 

Fur in einer geringen Anzalil — etwa bei knapp 30 Fallen — 
bin ich selbst in der Lage gewesen die Patienten zu sehen und 
zu untersuchen. 

Fiir die Beurteilung des Materials war also so gut wie aus- 
schliesslich das klinische Krankenheitsbild und Entwicklung 
der Krankheit,- wie sie die Journale wiederspiegeln, entschei- 
dend. Zur Ergiingzung dieser Angabeu waren die Antworten 
der versandten Fragebogen von grosser Bedentnng. Hierdureh 
warden die zeitigeren Stadien Oder intermittierender Yerlauf 
besser aufgehellt, als dies der Fall gewesen ware, wenn nur die 
Angabeu der Journale batten bearbeitet werden kbnnen. In ei- 
ner niclit geringen Anzalil von Fallen warden hierdureh bei- 
spielsweise so wichtige AnCangssymptome wie transitorische 
Amaurosis, Diplopie Oder Paresen verschiedener- Art bekannt. 
Go haben vicle Fiille, die bei der klinisehen Untevsuchnng niclit 
besonders symptomreich gewesen, eine Ergiinzung der Anam- 
nese erfahren und dadurch an diagnostischer Siclierheit gewon- 
nen. Audi bei der Beurteilung wurde grosses Gewicht sowolil 



auf den klinischen Befund bei der Untersuclnuig wie auf die er- 
gangende Ananvnese gelegt. 

Infolge der multiplen Herde in Ner veil. system entstehen bei 
der mnltiplen Sldero.se selu- variierende Krankheitsbilder und 
es ist von verschiedensten Seiten liev der Versa eh gemacht wor- 
den, die.se Symptomkomplexe in verscliiedene Ivranklieitsgrup- 
pen aufzuteilen. Solclie Gruppeneinteilung fand icli neben An- 
deren bei MiiUcr, Bing-Rccse, Brain and Marburg. Ais erste 
Gruppe bezeiclmen alle die »klassische Form» ; ausgezeiclmet 
dnrcli das Vorliegen von Charcot’s Trias: Nystagmus, skandie- 
rendes Sprechen, Intentionstremor und ausserdem oft spastiscli- 
ataktisclie Symptome, soivie Augensymptome. Die Frequenz die- 
ser Gruppe tvird von MiiUcr mit 15 %, von Bing mit 21 %, von 
Brain mit 10 — 12 %, von Marburg mit 10 %, von Vcraguth und 
G villa in mit 12 % und schliesslicli von Dibber n und Ropers mit 
7 % angegeben. Abgeselien liievvon untersclieiden sicli die ver- 
sehiedenen Gruppeneinteilungen in vielfacher Hinsicht. Muller 
nnterscheidet ausser der klassisclien Form 4 veitere Gruppen: 
libenviegend cerebrate Symptome, iibenviegend bulbtire Symp- 
tome, iiberwiegend spinale Symptome und scbliesslicii gleich- 
mhssiges Yorkommen der cerebralen und spinalen Symptome. 

Bing, Brain und Marburg untersclieiden als zweite Gruppe 
eine symptomreiclie cerebrospinale Form, entsprechend Guil- 
in in'. s forme commune. Im Grossen geselien stimmt diese Form 
mit der klassisclien tiberein und nnterscheidet, sicli von ilir liur 
dadurcli, dass nicht alle Symptome der Ch a root sclien Trias zu 
gleiclier Zeit vorhanden sind. Es ist die liiiufigste Gruppe in 
alien Zusannnenstellungen. Ilir folgen dann liemiplegisclie, pa- 
raplegische und spinale Formen unter irgemhvie verscliiedenen 
Namen und Abgrenzungen. Alle drei Forscher untersclieiden 
eine cerebellilre Form; cliarakterisiert dnrcli Ataxie und einige 
der Symptome in Charcot’s Trias. Brain und Marburg unter- 
scheiden iveiter eine vestibulare, eine ponticuliire und eine bul- 
biire Form mit liauptsiichlicli in den entspreclienden Bezirken 
lokalisierten Symptome und schliesslicli eine der Guillain’i schen 
forme a. debut oculaire entsprecliende ophtalmisclie Form. 

Selbstverstiindlich ist die Abgrenzung in verscliiedene Grup- 
pen reclit scliwev duvclizufuhven und in vielen Fallen auch nicht 



anweudbar. Meistens werden die Fiille iiberwiegend einev be- 
stiminten Form entspreclien aber zugleich auch melir oder we- 
niger in eine oder melirere der anderen Gruppen liiniibergreifen. 
Die Gruppe, die sicli dagegen am leiclitesten abgrenzen lasst, 
ist die klassische, denn sie wird ja durclx die Charcaf ache Trias 
bestimmt. 

Ich wiirde liier niclit versuclit ha ben, eine Grnppeneinteilung 
der Fiille innerlialb meines Materials vorzunelmien, wenn es sich 
nicht als notwendig erwiesen hiitte, inn deren Natur aul'zuhellen 
und dadnrch herauszubekommen, anf welclie TVeise in den ver- 
scliiedenen Fallen die Diagnose gestellt wurde. In einer Arbeit 
dieser Art ist ja das Materail die Grundlage der Untersuclning 
und ich ln'itte, wenn dies moglich gewesen ware, gerne eine aus- 
fiihrliche Journalkausuistik aller Fiille gegeben. Leider ware 
dies so kostspielig geworden, dass es fur micli okonomisch nicht 
durchfiihrbar war. Aber auch wenn es sich darum handelt, die 
Fiille geographisch zu lokalisieren, ist es von Bedeutung zuinin- 
dest die klassische Form herauszuheben, dann bei der Ivritik 
meines Materials der verschiedenen Krankenhiiuser wurde frtih- 
er einmal behauptet, dass gewissen Ansi alien nur diese, aller- 
dings charalderistischste Form der multiplen Sklerose im we- 
sentlichen bekanut wav, dagegen weniger die anderen Formen. 
Das ^raterial der verschiedenen Krankenhiiuser wiirde deswe- 
gen also nicht gleichwerlig und auch nicht homogen sein. 

Aus diesen Griinden habe ich es fur zweckmiissig gehalten zu 
versuchen, die Fiille in gewisse (truj)pen einzuteilen und jede 
Gruppe fur sich zu beschreiben. Die dementsprechend von mir 
aufgestellten Grup])en bilden eine Zusammenfassung der oben 
citierten Gruppeneinteilungen : 

I. Gruppe: Klassische hhirm, die durch Charcot ’.s* Trias cha- 
rakterisiert wird: Kystagmus, Intent ionstremor und skandie- 
rendes Sprechen ausserdem spastisch-ataktischc Symptome und 
in gewissem Ausmass auch Augensyin])toine verschiedencr Art. 

II. Gruppe: Symptomreiche Form, die der ersien Grujipe im 
Wesent lichen gleicht, nur findet sich bei ihr Nystagmus, Inten- 
t ionstremor und skandierendes Sju-echen nicht gleichzeitig. In 
diese Gni])])e habe ich auch die hemiplegischen und spinalen 
Formen einbezogen. 



III. Gruppe: Cerebelliire Form, die bauptsiichlich dnrcli 
Ataxie und eines oder einige der Symptome der Trias cliarak- 
terisiert wird. 

IV. Gruppe: Bulbare, vestibulbiire und ponticulare Form, bei 
der die liaupsaclilichsten Symptome deneu entsprecben, die bei 
Sclniden in den genannten Bezirken des Nervensystems ent- 
steben. 

Die beiden letzt genannten Gruppen greifen in gewissem Sinne 
ineinander, weslialb die Einteilung bier nur eine ungefabre sein 
dtirfte. 

Zur yeranscbaulicbung will ich einige Typenfalle beslireiben: 

Fur Gruppe I: 

1. Anna TV. geb. 1898 (Nr. 1093 des Materials). Bebandelt 1926 in Umefi, 

1927 in Morby und 1933 in Skelleftea. 

Erkrankte 1922 an Beinscbwiiche. 1926 scliwankender Gang und 
Zwangslaclien. Status: WR neg. Skandieren, Nystagmus, Intentions- 
tremor, Diplopie, Temporales Erbleieben, Babinski positiv bilateral, 
Bauehreflexe negativ, Klonns in den Beinen, Romberg positiv, Liquor: 
N-)- P+ Cl. Mors 1939 an Pneumonia. 

AYolinte so gut wie immer in Yttre Lrsvik, Skelleftea. Vater Voll- 
bauer. 

2. Arvid K. geb. 1899, Brieftriiger (Nr. 618 des Materials). Bebandelt 

1928 in Jbnkoping, 1930 in Lund und 1932 in Varnamo und Jdnkoping. 
Erkrankte an voriibergeliender Facialispare.se 1927 ausserdem Nebel- 
selin. 

1928 zittrig in Pliinden und Beinen, taumelnder Gang. Status: WE neg. 
Skandieren, Nystagmus, Intentionstremor, Babinski positiv bilateral, 
Bauehreflexe negativ, Facialisparese, Romberg positiv. Mors 1934. 
Stiindig in Nydala sn. gewobnt. Vater Kossiit. 

Fiir Gruppe II: 

3. Anna N. geb. 1909. Bauerntocliter (Nr. 786 des Materials). Bebandelt 
1928 in Lund. Erkrankte 1927 an Beinscbwiiche, Scliiitteln, Diplopie 
und Schwindel. Status: WR neg. Nystagmus, Intentionstremor, Tem- 
porales Erbleieben, Babinski positiv bilateral, negative Bauehreflexe, 
sehwankenden Gang. Mors 1935. 

Stiindig in Vinslov gewobnt. Vater Landmann. 

4. Alma .1. geb. 1899, Bauerntocliter (Nr. 560 des Materials). Bebandelt 
1933 in Kristianstad. Erkrankte 1932 an Scliwindel, Diplopie, Zwangs- 
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laclien. Hinzu trat spiitor unsiclierer Gang. Status: 1VR neg. Skandie- 
nuig, Nystagmus, Toniporale Brbleichen, positiver bilateraler Babin sld, 
negative Bauelireflexe, spastiseber Gang. Romberg scbwankeml, Li- 
quor: N+, P+, C4. 

Stiindig in SkAnes Fagerliult gewolint. Voter Landnmnn. 


Fiir Gruppe III: 

i5. Daniel L. geb. 1902, Landmann (Nr. GTS des Materials). Belmndelt 
192!) in Norrkoping. Erkrankte 1929 an unsicberem Gang und S'cliwin- 
del. Status: WR neg. Skandiernng, Nystagmus, Romberg positiv, breit- 
spuriger Gang. 


G. Hildnr 6 . gel). 1S95 (Nr. 1901 des Materials) . Belmndelt 1931 in TJmea. 
Erkrankte 1920 an voriibergehender Scbwiiehe des reebten Arms. 1931 
Selnviiche und Empfindungslosigkeit im reebten Fuss ausserdem Ba- 
laimestorung. Status: TVR neg. Nystagmus, Romberg positiv, Babinski 
unsicber, negative Bauelireflexe. 

Stiindig in Burtriisk gewolint. Voter Landwirt. 


Fiir Gruppe IV: 

7. Maria K. geb. 1901, Bauerntoebter (Nr. 021 des Materials). Belmndelt 
1927 in Gotenlmrg. 1929 in Alingsas. Erkrankte 1921 an voriiberge- 
bender Diplopie und Faeialisparese. 1927 erneut Diplopie. Danmliger 
Status; Diplopie. Nystagmus und spastisebe Beimoflexe. 3929 erneut 
Facial ispa rose. Zum Status kam bin/.u: Tremor, negative Bauclire- 
flexe und positiver Romberg. Mors 1931. 

Stiindig in Far sled sn. gewolint. Voter Landwirt. 


S. Hanna W. geb. 1907, Bauerntoebter (Nr. 1113 des Materials). Belmn- 
delt 3931 in ostersund. Erkrankte 3931 an Spraeliverlust und Sclnviicbe 
in Armen und Beinen. Status: IV It neg. lallende Spracbe, Temporales 
Erbleieben, I’tosis, Faeialisparese. Gaumenparese, negativen Baucli- 
reflex auf dor reebten S'eite, negative!* Babinski. Mors 1931. 
Todesursaebe: multiple Sklerose. 

Stiindig in Ragunda sn. gewolint. Voter Arlieiter. 


lit Tabelle .3 babe ieh die versebiedenen Grupipeji zusanmien- 
irestellt, sowie die Frequenz der versebiedenen Svmptonie fiir 
jede Gruppe. 
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Tabelle a. Aulteilung des Materials auf 4 Symptoiugruppen, Angnbe des 
Vorkommens verschiedener Symptome innerhalb jeder Gnip- 
pc und ’/Avar iin Prozentverhiiltnis zur Gesamtzalil aiier Fiille 
tier Gruppe. 



G r u p p e n 

i ! 

11 1 

111 | 

IV 

1-IV 

Anzahl der Fiille per Gruppe 

68 

1051 

82 

164 

1365 

Symptome 



1 



Nystagmus 

100 

51 

69 

84 

59 

Intentioustremor 

100 

15 

19 

6 

18 

Skandierendes Spreelien 

100 

12 

19 

12 

16 

Neuritis opt. 

38 

52 

34 

59 

51 

Diplopie 

24 

19 

4 

74 

25 

Faeialisparese 

S 

10 

5 

26 

12 

Zungendeviation 

2 

3 

4 

12 

3 

Gaumeuparese 

2 

2 

0 

5 

2 

Geliorstorungen 

0 

1 

3 

1 

1 

Pa rose 

16 

'56 


0 

52 

Babinsld pos. 

73 


23 

20 

85 

Bauchrcflcxe neg. 

77 

67 

59 

40 

63 

S'pliinkterstorungen 

5 

12 

1 

0 

9 

Klonns 

33 

32 

14 

14 

29 

Romberg 

(58 

59 

;B3 

48 

GO 

Gangstorungen 

56 

49 

j 78 

11 

46 

Ataxie 

6 

4 

| 60 

0 

7 

Gruppen in % des 
Gesamtsinaterials 

5 

77 

G 

12 

100 


Ans diesev Tabelle erliellt, (lass die lclassisclie Form ntir 5 % 
meines Materials ausmadit, eine bedeutend niedrigere Ziffer 
als die von friilieren Yerfassern augegebenen. Die geivohnlidiste 
Form bildet die Symptomreiehe mit 77% diagnostirierten Fal- 
len. Irgendwelelie Yergleidisziffer liierfiir kann nieht gegeben 
werden, veil meine Gruppen keinen soldi en in friilieren Gmp- 
peneinteilungen. entspredien. 

In der letzten Kolnnnie der Tabelle 3 babe idi die relative 
Frequenz der verschiedenen Symptome innerlialb des gesamten 
Materials znsammengestellt. Bel Yergleidien der so gefundenen 
Ziffern mit denen anderer Verfasser ergibt sidi eine relativ 
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gute Ubereinstinnnung. Angaben tier Symptomfreqnenz sincl 
von Muller anfgestellt Avorden und in Brain's Arbeit findet sick 
eine tabellariscke Zusammenstelhuig tilinlicher Ziffern von Bir- 
leg und Dudgeon , Sachs und Friedmann, Marquezy unci Bdh- 
mig. JSfur zAvei Gruppen von Symptomen kommen bei mil* in ge- 
ringerem Ausmass als von den andereu Forschern angegeben 
vor und zAvar tier Intentionstremor und die Sphinkterstorungen. 
Was den Intentionstremor angeht, so babe ich den Einclruck, 
class dies Symptome niclit inimer in den Journaleu beaclitet 
worden ist. In einein Teil tier Fa lie namlicli, die ich persbnlich 
untersuchte, traf ich auf deutlichen Intentionstremor, oline class 
irgenchvelche Angaben dariiber in den Journalen gefunden iver- 
clen konnten. Im Grossen gesehen sebeint, AA’as den Aufbau tier 
Krankkeit angeht, zAvisclien meinem Material und tlemjenigen 
tier vorher angegebenen Forscher kein Unterschied zu bestehen, 
Avas in geAvissein Ausmass die Richtigkeit tier Diagnosen meines 
Materials sliitzen kann. 


Tabelle 4. 


Monosym ptomaine tier Knmkheit.vboprfnn mit 

Symptom 

* Diplopie 

i 

| 

| Sell st o- 
1 run-on 

Pnresen 

' Gelisto- 
rungen 

i 

' Schwin- 
delan- 
| fiille. 

[ Balnnap- 
sUirunjren 

Facialis- 

parese 

Transitorisclie 

115 

120 

1 

I 24 

mm 


Zuriickgebliebene 

G 

9 

1 

68 

‘ 9 

i 


o 

Reeidiv 

02 

35 

mm 

10 

l 

Hauptsiicbliclie S. 







im '/ay chon Stadium 







Diplopie 

02 

IS 

39 

“ T" 

4 

9 

Selistoriingen 

M 

35 

27 

8 

3 

3 

Pa reson 

23 

40 

112 

5 

0 

i 

Gelistorungcn 

0 

13 

13 

•> 

9 

n 

Balanzestorungen 

Faeialisparese 

0 

1 

3 

0 

0 

8 

0 

n 

10 

u 

0 

Rprachstorungcn 

Sphinkterstorungen 

1 , 

0 * 

2 

0 | 

2 

1 ; 

U 

1 

1 

0 

Niclit specifieierte 



i. } 

I 

0 

Storting 

» ! 

15 , 

32 

0 1 

9 

0 





Ta belle 5, 



Polysymptomatischer Krankheitsbeglnn j 



Hauptsymptom 

= s. 



Diplopie 

Sehsto- 

rungen 

Paresen 

Gehstij- 

rungen 

Schwindel- 

anfillle, 

Balanze- 

stiiruneen 

Anznhl der Fiille 

131 

60 

115 


31 

S konibiniert mit 






Diplopie 

— 

2 

7 


0 

Solistornngen 

33 



11 

0 


Pa resen 

52 

20 

— 

0 

2 

Scliwimlelanfiille, 

Balanzestomngen 

51 

19 

37 



Facialisparese 

4 

2 

1 



Nystagmus 

1 

1 

0 



Gehstorungen 

43 

23 

45 


21 

Spraelistorungen 


4 

16 

2 

4 

lutentionstremor 

8 

9 

7 

2 

2 

ftphinktcrstdnnigeu 

5 

2 

19 

0 

0 


Bei der multiples Sklerose ist znr Beurteilung der Diagnose 
dei* Beghm des Erkrankens von entsckeidender Bedeutung. Ge- 
]iort es dock zu iliren ckarakteristisclien Eigenscliaften, dass 
sie oft mit. vereinzelten niclit selten vorflbergelienden Sympto- 
men keginnt, die viele Jahre bevor die iibrigen Symptome der 
Kranklieit sick einfinden anftreten. Mit grdsster Sorgfalt hake 
iek versuckt den Beginn der Erkranknng bei den versckiedenen 
Fiillen zu ennitteln nnd glaube, dass es mir in der grossen Melir- 
zakl gelnngen ist. Hierauf gesttitzt babe ich cine Einteilung in 
monosymptomatisehen nnd polysymptomatiscken Krankheits- 
beginn vorgenommen. In den Tabellen 4 nnd 5 sind die versckie- 
denen praemonitoriscken Symptome nnd deren Freqnenz zu- 
sammengestellt. 

In SBO Fallen war der Kranklieitsbeginn monosymptomatisck 
in 347 Fallen polysymptomatisck. Die Zalil der Anamneseu, bei 
denen der Beginn der Kranklieit benrteilt werden konnte, be- 
liiuft sick also auf 1177. Bei 550 dieser Fi'tlle waren die ersten 
Symptome vorubergeliend also transitorisck. Diese Fiille ge- 
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hoi'ten am- monosymptoinatischen Gruppe. Yon dei- polysymp- 
tomatischen Gruppe waren nur bei 31 Fallen die Symptome vox- 
tibergeliender Art. Zusammen belanfen sicli die Falle nut voi 
iibergelienden praemonitorisclien Symptomen in der Ana.mnese 
auf 587, was recht exakt 50 % der studierten Falle entspnchh 

Zusammenfassuxg : Das Material, von- dem angenommen ivird, 
class die Diagnose der multiple, i morose mit einer gmmssen 
Sicherhcit gestellt werden Iconutc, umfasst 1 365 Falle. Die 
Diagnose wurde auf Grand von- Symptomen gestellt , die auj 
multiple Ilcrdc im Fcrvcnsystcm zuruclcgcfiihrt warden konnen, 
und in eugem Znsammcnhang mit cincr sorgfdltigcn A, Him- 
ii esc. Tabclfarischc Angalcn tiler die Zusammcnsctzung des 
Materials werden vorgclcgt und zicar sowold was die ausgebil- 
dctc multiple Bklerose angeht , wie anch hinsichtlich der prae- 
mon i torisch cn Symptom c. 


b) Das (luszitscJtcidcndc Material. 

735 Falle warden auf Grand fehlerhnftev Oder unsichever 
Diagnose ausgeschieden. Da es sicli bierbei mn einen recht gros- 
sen Teil des Materials handelt, will ich diese Falle liier etwas 
eingeliender beliandeln. Es ist naturlich, dass bei einer Ivrank- 
heit, wie der multiplen Sklerose die unsiclieren Fiille hiiufig 
sind. Die Jahresbericlite an die Konigl. Medizinalverwaltang 
machen zwisclien den siclieren und unsiclieren Fallen keinen 
Unterscliied. Ein grosser Teil der angemeldeten Fallen mussteh 
somit bei einer Untersaclinng, wie der vorliegenden, ausgesebie- 
den werden. 


Taljelle G. Aiv/ahl tier unsiclieren nielit l>eri\d*Kiehten Fiille auf (lie .Tahre 
der Untersuehungsiicriode 11)2(5 — 1934 ini Vcrliiiltning zum 
gesamten Material wahreml derselben Zcit verteilt. 


•lahro 

1925 

192Gjl927|l928 

1929|l930|l93l 11932 

1933 

1934 

Totale Anzalil Fiille 
Unsic-here Fiille 

221 

51 

I 

24 5 j 330 
74) 89 

357 

81 

345 

71 

■ 

409 

97 

EE 

11 

1 

Prozentverliiiltnis 

23 



20 

20 

23 

22| 24 

20 



















Wie ails tier Tabelle G ersiclitlicli, verteilen sicli die unsiclie- 
i-en Fiille in niigefar gleicliem Verliiiltnis auf die gauze Unter- 
auchnngsperiode. Dei* Mittelwert liegt bei 24 % der totalen 
Anzahl \md die erhaltenen Ziffern des Prozentliiiltnisses wei- 
<*Iten von diesem Wert nur unbedeutend ab. Danacli kann die 
Stcigernng tier Fiille von multipier Sklero.se, die aus den Jahres- 
berichten der Medizinalverwaltung ersichtlich ist, nicht daraaf 
aim'ickgefiihrt wertlen, class nunmelir eine grossere Anzahl 
b «ille mitgeteilt warden, die friiher als nnsicher gegolten hiit- 
len; denu dann miissto man in der Tabelle ein Steigen der Pro- 
zenf zifl'er der nnsicheren Fiille im Louie tier Jalire feslstellen 
kdnnen. Das ist aber nicht tier Fall, vielmehr liegt die Anzald 
•tier nnsicheren Fiille proportional gleieh innerhalb aller Jalires- 
gruppen. Dies Verliiiltnis scheint mil* melir dafiir zn spreclien, 
das die Diagnosestellung mit einer gewissen Einheitlichkeit er- 
i'olgte, was ja ancli das Wahrscheinlichere, denn man kann kanm 
erwarten, class in einer verhiiltnismassig so kurzen Zeit irgend 
eine liennenswerte Vevl'einernng der Diagnosestellung zu Stande 
konnnt. 

Die 735 unsicheren Fiille entspreclien in den Berichten an die 
Ktinigl. Medizinalverwaltung einer Zabl von STT. Die Ver- 
ringerung tier Fiille hat ihre Ursache dariu, dass eine bestimm- 
te Anzahl von Patienten mehrmals versehiedene Jalire im 
gVeichen ICrankenhans behandelt warden, Oder darin, dass der 
gleiche Fall in mehreren Krankenhiinsern eingelegen bat. Aller- 
•dings ist die hberwiegende Melirzahl der nnsicheren Fiille nicht 
mehr als einmal im Krankenhaiis behandelt worden. In Ziffern 
ansgedriickt, lagen GIG Patienten einmal im Krankenlians, was 
S3 % aller Fiille entspricht; T2 Fiille warden 2 Hal behandelt, 
32 3 Mai, 2 5 Mai, 1 Fall 9 Mai nnd zwav alle stets im gleiclien 
Krankenlians. 27 Fallen warden in verscliiedeneu Krankenliiiu- 
sern behandelt nnd zwar jeweils in zwei Krankenhiinsern, ein 
Fall in drei Krankenhiinsern nnd ein Fall in nicht weniger als 
vier verschietlenen Krankenhausern. Zusammengereclmet erliiilt 
man fur die verscliiedeneu Fiille 877 gefuhrte Journale, aber nnr 
735 Patienten, d. li. also, dass bei 13 % die Patienten melir als em- 
inal im Journal gefiilirt waren. Die entsprechende Ziffer fur 
das gesamte Material betriigt 30 %. Es sei erlaubt, noclimals 
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darauf hinzuweisen, class die grosse Mehrzalil dieser unsiclieien 
F-ille mir einmal im Krankenhaus belumdelt warden, denn al- 
lein sell on dadnrcli wind die unsigliere Fa tor ties Einzelfalles 
bezeugt. 

Bei 2G dieser 735 Fiille waren die Journalangaben iiber die 
Ivranklieit nnvollstandig oiler felilten ganzlich, so class die Fiille 
iiielit beurteilt werclen konnten. 

Bei 9 Fallen sincl die Patienten in ein anderes Tvrankenbans 
nbergesiedelt — gewolmlich in eines tier grosseren Centralkran- 
kenhiinser — , nm die zuniichst gestellte Diagnose nberprufen 
zu lassen. In den Journalen dieser Krankeiiliiinser wnrden sie 
aber in tleren Material iiber multiple Sklerose nicht wiederge- 
funtlen, woraus gesclilossen werden muss, dass die Diagnose 
sicli spiiter als niclit zutreffend erwiesen liatte. In alle diesen 
Fallen war iibrigens die Diagnose von Anfang an unsiclier. 

Bei Aveiteren 9 Fallen erhielt icli auf Gruncl meines Sclirift- 
wechsels mit den Patienten von den Provinzarzten, die tliese Pa- 
tienten in Beltandlung gehabt batten, die Antwort, dass die 
Diagnose tier multiplen Sklerose inlsch gewesen ware. 

In 12S Fallen envies sicli die Diagnose spiiter als eine andere 
Oder eine andere Avar melir als wabrscbeinlicli. Die meisten die- 
ser Patienten waren mehrere Male im gleieben Krankenliaus 
behandelt Avordeu oder batten in mein* als einem Krankenbause 
eingelegen. Im nachfolgenden gebe ich eiue kurze Analyse dieser 
Fiille: 


In 23 Fallen ergab die Diagnose spiiter Luos cerobrospinalis. Dei 19 
dieser Fiille fa ml sicli Lues in tier Annmnese nml bei 5 derselben war 
AVll positiv im Bint oder Liquor. 

In 4 Fallen ergab die Diagnose Tabes dorsalis. 

In 10 Fallen lag Tumor cerebri vor nml in einem Fall Tumor corobolli. 

In 9 Fallon zeigte os sicli, dass die Diagnose Compressionsmyelitis 
Oder Tumor medullno spinalis war. 

In U Fallen ontwiekelte sicli die Krnuklieit zur Encephalitis mit 
Parkinsonismus. 

In 2 Pilllcn war die Diagnose Syringomyelic, in einem progressiv spi- 
nale Mnskclatrophie, in 2 Fallen spastiselie .Spiiialparulv.se mid in 1 Fall 
ainyotrophisclie LnteralskJerose. 

In 3 Fallen fund man eine Myasthenia gravis. 

In 2 Fallen Avar die Diagnose Meningitis tuberculosa. 
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Iii 0 Fallon lag Epilepsia, 
nun Meniere vor. 

In 2 Fallen warden die 
Ycrursnelit. 


in einem Schizophrenic and in einem Syndro- 
Syinptome von oiner Spondylosis deformans 


In H Fiillen war die Krnnklieit sicherlicli als Arieriosklerose zu be- 
tracliten. Die Patienten waren beim Eintretcn der Symptome zwisclien 
70 mid 77 Jalire all. 

In 2 Fiillen lag Etylismus chronica vor. 

In G Fiillen muss mit nielir Walirscheinliclikeit das Yorliegen von 
Embolien bei Vitiuin organicum cordis als Diagnose angesehen werden. 
3 dieser Patienten batten zeitiger Embolien gebabt. 

In 11 Fiillen war die Grundkranklieit Hypertonia arterialis. In einem 
Fall waren als Synitom Gefulillosigkeit in den Ecinen, in 3 Fiillen 
Schwindel, in 7 Fiillen Hemiplegicn festgestellt. 

In 12 Fiillen warden ernstere Grumlkrankheiten vorgef unden, da von in 
7 Fiillen Anaemia perniciosa, in 2 Fiillen Diabetes mellitus und in 3 
Fiillen Tliyrcotoxikose. 

In 1 Fall zeigte sich, dass die Krnnklieit durcli Cancer mit Metastasen 
im Nervensystem verursaclit worden war. 

In 4 Fiillen entstand die Krnnklieit unmittelbar im Anschluss an Com- 
motio cerebri, in alien Fiillen bei Beginn mit langwiilirender Bewusst- 
losigkeit. 

In 2 Fallen lconnte die Diagnose bei der Obduktion niclit verificiert 
werden. 


In nlle diesen 12S Fallen liat also die spiitere Entwicklung 
(lei- Krankheit gezeigt, dass die vorgeschlagene Diagnose falscli 
odei- nmvahrscheinlicli gewesen war. 

In einer grossen Anzahl von Fallen liatten die Patienten mir 

eines von Beiden vorgebraclit, entweder irgend ein vereinzeltes 
Symptome hauptsiichlich etwa Diplopie, Neuritis optica, Spas- 
tom im Status. Und zwar sind die liier in Frage kommenden 
Symptome hauptsachlich etwa Diplopie, Neuritis optica, Spas- 
ti.sche Paresen. Die Gruppe umfasst 533 Ftille und ich lialte es 
fur begriindet, sie bier ziemlich eingebend zu analysieren. Sclion 
die Journaldiagnose dieser Fiille war zumeist mit einem Fiage- 
zeichen versehen, ausserdem lagen so gut wie nlle Patienten 
dieser Gruppe nur einmnl iin Krankenhaus. 

In ijG Fiillen fund sich in der Amnmcac Diplopie. In einem dieser 
Fiille batten die Patienten aucli Kcliwiiche in den Beinen und in 3 Fallen 
wurde Scliwiiidel und Erbreelien vorgefunden. 
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OVjcktiv fand man l>ei diesen Patienten: 

In 20 Fallen nnr Diplopie, in 0 Fallen ausser Diplopie aueh Nystag- 
mus, in 3 Fallen nnr Nystagmus, in 2 Fiillen Neuritis optica unci in 
einem Fall Neuritis optica und Diplopie, In eineiu Fall hatte der 
Patient eine spestisclie Parese in den Beinen, in einem Fall nnr einen 
positiven Babiuski, iu einem Fall nur Intentionstrcmor und Diplopie, 
einem Fall unsielierer Gang, in einem Fall Gaumenparesc, in 3 Fiillen 
negative Baucbreflexe und in 14 Fallen keinc objektiven Syniptome. 

In 7G Fiillen gaben die Patienten in der Avamnctc Schwindel an. In 
einem derselben kam zufiillig Diplopie vor, in 4 Fiillen deutlicli Gehsto- 
rung und iu einem Fall Spracbstormig ausserdem in einem Fall Balanze- 
stbrung. 

Ohjcl:Hv fand man bei dieson Patienten: 

In 27 Fiillen Nystagmus, von diesen batten 0 glcicbzeitig positiven 
Romberg und 1 negative Baucbreflexe. in 13 Fiillen wurde positiver 
ltomberg, in 4 Fiillen seliwankender Romberg, in G Fiillen Babiuski posi- 
tiv, davon einer mit skandiereudern Spreclien, in 2 Fiillen lag Diplopie* 
vor und in 2 Fiillen unreine Papillen, in 3 Fiillen Neuritis optica, in einem 
Fall unsiehorer Gang, in einem Fall Gaumenparesc. in 3 Fiillen negative 
Baucbreflexe und in 14 Fiillen koine objektiven S?.vmptome. 

In S2 Fiillen fand sich in der Anamucuc verringertes S'ehvermogen, iu 
einem lag ausserdem Scluvindcl tend Gehstorung vor und in 2 zugleich 
Sehwindcl. 

Objcktiv fand man bei dieson Patienten: 

44 Fiille von Neuritis optica, 4 Fiille mit unreinen Papillen. 13 Fiille 
mit zontrnlen Skotomen. 2 Fiille mit stasisebon Papillen. der eine mit. 
Nystagmus, der andere mit positivem Romberg. 1 Fall mit Diplopie. 2 
Fiille mit positivem Itomberg. davon einer mit Erbrechon, 1 Fall von 
Gaumenparese, 1 Fall mit Faeialisparese, 1 Fall mit positivem Babiuski 
und 15 Fiille olme objektiven Refund. 

In 134 Fiillen gaben die Patienten in dor Attain urn* Liihmungen odor 
SehwHchc iu Armen und Beinen nn. In einem dieser Fiille fand sieh aueh 
Balanzestorung, in 2 Fiillen Tremor, in einem Fall Sprechstorung ausser- 
dem in einem Fall Sebwindei. 

Oljclctlv fand man bei diesen Patienten: 

In 50 Fiillen spastiselie Parese iu einem odor beiden Beinen, davon in 
2 Fallen aueh unsidieren Romberg, in 30 Fallen war Babiuski positiv 
olme tlbrigo spastiselie Syniptome. in 3 Fiillen war Babiuski posit iv und 
die Baucbreflexe negntiv, in 5 Fiillen war Romberg posit iv, in einem 
Fall lag Blasenparose vor, in S Fiillen Parese in den Beinen mit. Felilon 
der Reflexe, in 5 Fiillen negative Baucbreflexe, davon iu einem ausser- 
dem Inlentionstremor, in 5 Fiillen unsielierer Gang, in einem Fall Diplo- 



pie, in S Fallen Nystagmus, in 2 Fallen 
Fallen keine objektiven Symptome. 


unreine Papillen und in ig 


In 52 FiUlen warden in der Anamncsc Empfindungslosigkeit in Armen 
Oder Beinen vorgefunden. 2 derselben batten aucli Erbreclien und o 
Paraestbesien in den Beinen. 

Objcktiv fand man bei diesen Patienten: 

In drei Fiillen spastisclie Beinparese, in 12 Fallen positiven Babinski 
olme andere Symptome, in 2 Fiillen positiven Babinski und Nystagmus, 
in 7 Fallen positiven Romberg, davon in 3 Fallen mit Nystagmus, in G 
Fiillen Nystagmus, in 1 Fall Neuritis optica, in 1 Fall Diplopie, in einem 
Fall stasisclie Papillen, in einem Fall unsieberen Gang und in zwei Fiil- 
len negative Bauclireflexe, in 1G Fiillen keine objektiven Symptome. 

In 7 Fallen gaben die Patienten in der Anamncsc Facialisparese an. 

Objcktiv fand man in alien Fallen Facialisparese und in 3 Fiillen aus- 
ser dent Nystagmus. 


In 4 Fallen wurde in der Anamncsc Spreeh stoning angegeben. 

Objcktiv fand sicli bei diesen Patienten: 

In einem Fall skandierendes Spreclien, in drei Fiillen unreines Spre- 
clien, davon war ausserdeui in 2 Fiillen Babinski positiv auf einem Bein 
und in einem fand sicli aucli Nystagmus. 

In 4 Fallen fand sicli in der Anamncsc pliitzlieb einsetzende Bewusst- 
losigkeit. 

Objcktiv fand man bei diesen Patienten: 

In 3 Fallen Hemiplegia spastica und in einem Fall Facialisparese. 
Alle diese Patienten waren alter. 

In 29 Fallen lag Gebstbrung in der Anamncsc vor. In zweien derselben 
wurde ausserdem Ssliwindel und Erbreclien vorgefunden. In einem Ba- 
la ncestorung und in einem Taublieit in den Beinen. 

Objcktiv fand mail bei diesen Patienten: 

In 2 Fallen negative Patellar- und Acliillesreflexe, in 3 Fiillen Nystag- 
mus, in 7 Fiillen positiven Romberg, davon in einem gleicbzeitig negative 
Bauclireflexe und in einem Intentionstremor, in 5 Fallen spastiseke Pa- 
rese in den Beinen, in einem Fall unsiclierer Romberg, in 3 Fallen posi- 
tiver Babinski. in einem Fall unsieberen Gang, in einem Fall ausge- 
sprocliene Rigiditiit in den Beinen und in G Fiillen kein objektiver Be- 
fund. 

In S Fiillen gaben die Patienten Balancestorung in der Anamncsc an. 
In einem dieser Fiille wurde gleicbzeitig aucb Scliwaclie i nder Beinen 
vorgefunden. 

Objcktiv fand man bei diesen Patienten: 

In einem Fall Nystagmus, in 3 Fiillen positiven Romberg, in einem Fa 
Blnsenparese, in einem Fall skandierendes Spreclien und in 2 'a ei 
keine objektiven Symptome. 
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In 11 Fallen klagtcn die Patienton in dor .■tiiaminJrfe fiber Kopfsclnner- 
zcn and Erbrcchen. 

Objclcliv fand man bei diescn Patienten: 

In 4 Fallen Nystagmus, in einem Fall positiven ltomberg and in 6 
Fallen keinen objektiven Befnnd. 

In S Fallen wurde Tremor in der Anamncsc vorgefunden. 

Objclcliv fand man bei diesen Patienten: 

In 2 Fallen Nystagmus, in 2 Fallen Intentionstremor und in 4 ballon 
keinen objektiven Befnnd. 

In 1G Fiillcin gaben die Patienten in dor Anainmusc Kuekenselimerzcn 
an. In einem ausserdem Erbrcchen, in einem Schwiiclie der Bcine und in 
einem Gelisclnvierigkeiten. 

Objclcliv fand man bei den Patienten: 

In einem Fall Nystagmus, in einem Fall Neuritis optica, in 3 Fallen 
spastisehe Beinpa resen, in einem Fall negative Bauchroflexe und in 3 
Pit Hen Intentionstremor, in 7 Fallen koine objektiven Kymptomo. 

In einem Fall lag in der An mini esc Urinineontinens vor. 

Objclcliv fand man bier nielits. 

In b Fiillen fand man in der An mini esc Panestezien. 

Objclcliv fand man liier: 

In 2 Fallen Nystagmus, in 2 Fiillen positiven Bnbinski, in einem Fall 
Neuritis optica und in einem Fall negative Bauchroflexe, in 3 Fallen 
kein objektiver Befnnd. 

In 30 Fiillen fand man koine mimnncsfischcn Symptojne. 

Objclcliv fand man bei diesen Patienten: 

In 13 Fallen Neuritis optica, in 2 Fallen Diplopie, in 12 Fallen Nystag- 
mus, in (! Fallen posit i ven Bnbinski, davon in einem mit negativen Baueb- 
reflexen, in einem Fall Znngendeviation und in 2 Fiillen negative Bsuieli- 
reflexe. 


Zu tlioser Grnppe von 533 Fallen kommen ferner 30 unsichere 
F;ille, die alle ini Serafimerkrankenhaus in Stockholm mil tin- 
sichecer Diagnose behamlell vorden vaven nnd die icli nicht 
naher analvsiert, babe. 

Audi an die unsidiercn Falle versandte ich das gleiehe Frage- 
fonnnlar, vie an die sicheven und erliielt in ehva 50 % Ant- 
vort. Genan geveebnet. anlvvorteien 309 Patienlon, vogegen 300 
sclnviegen. In den eingesandfen Ant wort cn konnltm nicht die 
gevingsten Anzeicben fiir das \orliegen von multiple!* Sklerose 
gefunden verden. Die Korrespondenz mit; den unsieheren Fal- 
len Avar eiva 393S Jibgesch lessen, valn-end diesei* Zeit waven 70 
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•dei Patienten verstorben, was 9,5 % des gesamten Materials der 
unsicheren Me ausmacht. Diese Ziffer diirfte niclit holier lie- 
.gen als diejemge der normalen Bevolkerung wabrend eines glei- 
clien Zeitraums, insbesondere wenn man initberucksichtigt, dass 
■so gut wie alle hierlier gebdrenden Patienten der Altersgruppe 
tiber 20 Jahren angelioren und eine ziemlich grosse Anzahl iiber 
•50 Jalire alt waren. Yerglelclit man diese Ziffer von 9,5 % niit 
•der Mortalitiitsziffer des gesamten beriicksiclitigten Materials 
•der multiplen Sklerose — einer Ziffer, die mit 25 % erreclmet 
wurde, d. li. 330 Tote auf 1 394 Fiille — so ergibt sicli, dass diese 
Jiahezu 3 Mai so hocli ist. Natiirlicli bestelit die Mogliclikeit, 
class ein Teil der Fiille, die ich bier ausgeschieden babe, sicb 
spiiter zu multiple! Sklerose entwickeln konnten. Die Observa- 
tionszeit insbesoudere fiir die im letzten Teil der Untersuchungs- 
periode beliandelten Patienten ist ja reclit kurz gewesen, immer- 
hin bat sie mindestens 4 Jahre betragen. Icli babe es aber niclit 
als mdglieb angeseben nur auf Grand einzelner solitarer Symp- 
tome in Verbindung mit einer unsiclieren Anamnese diese Fiille 
•zu beurteilen und sab micli dalier gezivungen, sie auszumerzen. 

Zusamwbxfasstjng: In 735 Fallen. u;«r die Diagnose der imd- 
tipien- Sklerose umiclicr odcr jalscli. Ausfiihrliche Analyse die- 
.scr Fiille wurde gegeben. 


3. Die Bescliaffei'heit des Materials. 


a) llihifigkeit ( Frequenz ). 

In der Litteratur finclen sicb eine Reihe von Angaben, die da- 
fiir zu spreeben sebeinen, dass die Frequenz der multiplen Skle- 
rose im Zunehmen sei. Smith zeigt dies fiir die USA. bereits in 
seiner Arbeit von 1904 auf. Mit einer gewissen Berechtigung 
hat man diese Angabe allerdings darauf zuriickgefubrt, dass die 
Erkrankung friilier in den USA. relativ wenig bekannt war. Fur 
•die spiiteren Jalire haben unter Anderen Ain ingsmunn, ^ c hi 
tenbrandt und Voss auf eine Erholiimg der Frequenz der mu - 
tiplen Sklerose bingewiesen. Hiervon abgeselien kann man a ei 
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sagen, dass die Angaben fiber die Frequenz dev Krankheit niclit 
zalilreicli sind. 

Ans der Ta belle 1 sclieint hervorzugehen, dass in Scliweden 
die multiple Sklerose wall vend der Untersucliungsperiode 1023 
bis 1931 bedeutend gestiegen 1st. Stndievt man das Material 
dagegen eingeliender, so kommt: man zu einer anderen Auffas- 
snng. AA r ie icli oben bereits darlegte, musste das Material aus 
bestiinmten Griinden lidcbst bedeutend reducicrt werden. Zu- 
naclist sind die unsicheren Fiillc in ungefar gleiclvem A erhalt- 
nis in jedem der Untersuchungsjahre weggefallen. Das, was 
dann hauptsnchlich cine A'erininderung des Materials zur Folge 
liatte, war, dass die Patienten niclit eimnal, sondern mebrmals 
im selben Krankenhaus Oder mehrfacli in verscbiedenen ICranken- 
hausern bebandelt; worden wnren. Auf Grand dessen schrumpfte 
das Material auf 1305 Fiille von — soweit man dies nacli dem 
Jouriialmaterial beurteilen kann — sieberer multijiler Sklerose. 

Tabelle 7 zeigt innerhalb des beriicksiclitigten Materials die 
A r ertcilung der Fiille auf die einzelnen Jahre, wobei zu beob- 
acliten ist, dass sie saint licit zu dem Jahre geffihrt worden 
sind, in welehem sie zum erst on Male angeineldet warden. 
Mit einer gewissen Cberraselnnig muss man feststellen, dass 
keinerlei Frequenzerhohung wiihreml der zcbnjiibrigen Un- 
tersuehungsperiode statt geliabt hat. In der Fignr 1 ist sowohl 
die Frequenz gemiiss den Jahresbericbten eingezeichnet wor- 
<len, als auch diejenige des beriicksiclitigten Materials. Man 
wild sich fragen, wie es kommt, dass zwischon den angegebenen 
Fallen mid den in meinem Material beriicksiclitigten Fallen ein 
so grosser Unlcrschied bestelit. Bei niiberer Betraclitung wird 
man jedoch feststellen, dass dies auf deni 1'mstaml berulit, dass 
die Patienten mehrfacli im selhen Krankenhaus oiler in anderen 
Krankenhausern behandelt warden. Und es berulit. welter zu 
seineni Toil darauf, dass die Patienten wiihrend der spaieren 
Jahre meines rntersuchungszeitramns in sehr viol stsirkerem 
A vis mass zum Zweek der Kuvbehamllung in Kvankenhauser 
aufgenoininen wurden als fiiiher. Die gewohnlichste Beliand- 
lungsform war Kontgen- und Injektionstherapie. In gewissen 
Krankenhausern gesehah dies sehr regelinassig. woshulb gorade 
diese mit hohen Ziffern von multijiler Sklerose aufwarten. 



Tabellc 7. Dio Fmjnonz tier imiltiplon Slderoso \viilirend dor .7 a lire 1023. 

— 100-i, wio sic *nis don .Talncsliorielitcn an die Kgl. Medissi- 
iiaJvonviilMJHg orhcUt. mid itnf Gnuid des von inir Iteriick- 
siehtigten Materials. 


I 

1925jl92f> 

1927 

1A2S|1929 

a 

1931 

1932 

1933 

1934; 

Gomiiss don Boricliten 
an die Kgl. Medizinal- 
vcvwaltung. 

221 

215 

330 

357 

345 

104 

109 

418 

431 

481 

Innorlinlli des von inir 
lioriiokslelitigton Mate- 
rials. 

Ml 

105 

155 

115 

Ml 

148 

133 

129 

135 

133 



Es bestelil kern Anlnss, tier (lie Envarfmig vcekUeit^eiiJ 
do. dass die multiple Sklevose in Selnveden angettaclisen ** • 
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"Wall rend der Uutersuehungsperiode gab es keine Aufsehen er- 
■vveckcnden Xeuheiten auf dem Gebiet dev multiplcn Sklerose. 
Die Krankheit war wiihrend dieser Zeit ungefiihr gleicli beknnnt 
mid die untersuchenden Aerate batten ungefiihr die gleiche 
Ausbildung nnd studierten dieselben Bticher, (was axis der Urn- 
i'rage erhellt, die an die Provinzaerzte zur Tersendung knm). 

Zusammenfassuxg: Die Anzalil der an- multiple r Slclcrosc er- 
kranlctcn Fiille hat - mihrcml der Jahrc 1926 — 1936 1 m Mittcl 136 
befragen. Fine Erh bluing odcr Tcnnindentng iciihrcnd dieser 
Zeit war nicht mahrzunchmcn. 

b) Allcrsvcrteilung bci der multiplcn Sklerose. 

Den Zeitpunkt zi i bestimmen. an dem die multiple Sklerose 
beginnt, bietet in vielen Fallen grosse Schwierigkeilen unci in 
einer ganzen Anzalil von Fiille ist cs sicberlicb nicht mdglich 
irgendwelche zuverliissigen Angaben hieruber zu bekommen. 
Trotzdem sincl die Angaben fiber die Altcrsverteilung bei der 
multiplcn Sklerose .rechf ubereinstimmend. Russel Bruin hat 
das Material von Berger , Bing unci Reese, Smith, Klausner, 
Marburg, Morairitz, Miillcr und Weelislcr zusaimnengestellt und 
dabei 1003 Fiille von multipler Sklerose orhalten. Die Altcrs- 
gruppierung dieser Fiille kann aus naehfolgcnder Ta belle nb- 
gelesen xverden. 


Tabelle S. 

AUersjrnippon 10—20 21—20 21 — 10 -11 — r»0 551 — 00 iibor 00 

In % tier Gesiuntsumme 12,0 22,1 ia,;i o.i po 


Die uberwiegende Mchrzahl der Fiille von multipler Sklerose 
finclet sieh also in den dahren von 21 — 40. Leirg sagt, class sie 
am gexvdhnliehsten zwisclien 20 und 38 Jahren wiire, und Alii- 
sen- fand ebenso wie A die die meisten Fiille zwisclien 20 xincl 35 


Jahren. D rob nos, der 105 Fiille der multiplcn Sklerose beschrieb. 
cihielt eine daliin abwoichcnde Zifler, class bei ihm cine grbs- 


sere Anzalil Fiille vor dem 20. Lebensjahr liegen. Zum Vergleieh 
gebe ich Drobnes Tabelle bier xvieder. 


Tabelle 0. 

Altersgruppen 

Fiille 


10—20 

O-J 


21— M0 


Ml — 10 -41 — r,o 
2a 4 
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Dns, was wolil am Maarten vaiiiei-t, warn es sicli am die Alters- 
angaben handelt, sind die Ziffein dee Kindevjalne and der M . 

, ‘™ Mamicsialire. Man ist jet* an dev Anftassnng gelan-t 
< ass eine infantile mnltiple Sklerose ebensowenig verneint wev’ 
den kann, tnc eino senile. Allevdings ist die Diagnose im Kin- 
dersalter . natiirlicli seln* sclnver zu stellen und ein ganzer Teil 
Falle dieser Ait. muss deshnlb mit einev geivissen Skepsis be- 
Irncbtet Averden. Smith berichtet mehrere Fiille unter 10 Jah- 
ren » <ler .i’ in ^ ste AV;t1 ' u »i- 4 J alire alt. Vereinzelte Fiille unter 
zelm Jabren sind auch von Marburg und Bing beschrieben ivor- 
den. Dagegen sind in den meisten Statistiken keine Fiille unter 
zebu Jabren aufgenormnen. Ausserdem finden sieli so gut ivie 
keine Angaben dariiber. ob Fiille aus den Kinderjabren durcli 
Obdnktion verificiert Avorden sind. 

Ebense sclnver ist die Diagnose der multiple Sklerose zu stel- 
len. Avenn der Patient bereits ein hblieres Alter erreiclit bat, 
denn viele Altersveriinderungen konnen Symptombilder vorwei- 
seiij die an diejenigen der mnltiplen Sklerose erinnern. Wexbcrg 
und Marburg besehreiben trotzdem jeder einen Fall ernes Aveib'- 
liclien Patienten, bei dem die ersten Symptome im einen Fall 
mit 02 3 m anderen mit 05 Jabren auftratem In beiden Fiillen 
Avar die Diagnose durcli Obdnktion verificiert. Sonacli kann 
kein Ziveifle bestehen, dass es eine senile multpile Sklerose gibt. 

Bei 12S7 Fiillen von 1931 babe ich in nieincm Material der 
mnltiplen Sklerose versucht das Erkrankuugsalter zu bestim- 
men. A'atiirlicli iibergebe icb diese Angaben mit einer geAvissen 
lieservat ion. denn in einer grossen Mebrzalil von Fallen diirfte 
es so gut Avie unnioglich sein, diesen Zeitpunkt exakt zu bestim- 
men. Die Angaben sind dalier mu- ungefiilirer INatur. Die Felder 
miissen bei dieser Untersucbimg in einer Verscliiebung nacli 
oben gesehen Averden. denn in alien zmnindest in den meisten 
Fiillen bleibt ein geAvisses grosseres oder geringeves Marginal 
nnch unten fiir die Altersbestimmiing beim Erkranken an mul- 
tipler Sklerose bestehen. 

Die das Erkrankuugsalter betreffenden Angaben Avurden teds 
den verscbiedenen Krankeiiliausjoimialen entnommen, teils 
in mindestens 75. % der Fiille — ergaben sie sicli aus der mi 
den Patienten geffihrten Korrespondenz. Gerade bei dieser av 
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Tabelle 10. 



l'jgtir 2. Die A 1 1 ersvvrt cilu ng inncrhalb (lea (janzen Materials von mul- 
ti pier Sklcrasc (1281 Fiille) in den vvrschivdenen Altcrsgruppcn. 

i'ruuen Manner Gesamtes Material ' 

(AVncixsc — Altcr.vjruppen, Ordinate — ItchitionssaMcn.) 
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cle der Zeitpunkt des Erkrankens sorgfaltig erfragt. Bei einem 
Teil dei* Falle bin icli dadurch auf der Altersscala ziemlicli weit 
lieruntergekommen. Es hat nieht wenig Falle gegeben, bei de- 
nen die sorgfiiltige Anamnese andere ergeben hat, als sie sicli 
in den entsprechenden Krankenhausjournalen gefunden liatten. 
Auf diese Weise kamen beispielswei.se bei melireren Fallen vor- 
ubergehende Blindlieit, Paresen und Diplopien zum Yorschein. 

Am Besten lassen sich die niiheren Details bei der Altersver- 
teiluiig an der Tabelle 10 und der Figur 2 studieren. 

Han kann aus der Tabelle und aus der Kurve ablesen, dass 
die multiple Sklerose zweifellos am haufigsten im Alter zwi- 
schen 16 — 35 Jahren auftritt. Summiert man die Anzahl der 
Fiille innerhalb der Altersgruppen von 16 bis 35 Jahren, so be- 
kommt man 945 Fiille, was bereelinet auf die totale Zalil der 
Fiille, soweit sie bier beriieksichtigt warden, 75 % ergibt. Ge- 
wohnlich findet man in der Litteratnr das Alter zwischen 20 
und 40 Jahren als dasjenige angegeben, innerhalb dessen die 
Kranklieit am meisten frequent ist. Summiert man in meinem 
Material diese Altersgruppen, so erhiilt man S52 Fiille, d. h. 
66 % der Gesamtzalil der Fiille. 

Irgend einen Unterschied zwischen den verschiedenen Ge- 
schlechtern im Hinblick auf das Erkrankungsalter habe ich 
nicht auffinden konnen. 


ZusAMMENFASStrKG; In fast 75 % der FiiUe erkranken ■ die Pa- 
t ten ten zwischen 16 und 35 Jahren an- niultipler Sk-leiose. 
vercinzclte Individual erlcranken vor dem 10. Lebcnsjahr. Die 
Kranklieit irifft Frauen- und Manner in- gleicliem Ausmass in- 
nerhalb der verschiedenen- Altersgruppen. 


C ) Vcrteilung der multiplen Sklerose auf die einzelnen Ge- 
schleclitcr. 

Die Angaben der Litteratnr tiber die proportionate Vertei- 
lung der multiplen Sklerose bei Miinnern und Frauen weichen 
recht beaclitlich voneinaiuler ah. Bis m emem ge^sen ‘ g 
mag dies darauf beruhen, dass m vielen < a en 
Zahl kranker Individuen von den TJntersuchungen 
was zu felilleitenden Besultaten ftihrt. Immerlun blmbt beste 
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hen, class sich ancli ziemlich becleutende statistisclie Arbeiten in 
diesem Pnnkte widersprechen. Die Tatsache, class die Proportio- 
nen zwisclxen Mannern and Frauen innerbalb der gleichen Bevol- 
kerung variieren — findet sich docli in den meisten Landern ein- 
gexvisser Fi-aueniibersekuss — kann mitunter diesen Wider- 
spi’uch erklaren. Man hat ancli geglaubt, in einzelnen Fallen 
die Diffevenzen mit socialen Verhaltnissen verschieclener Ai t 
zu begriinden. 

Smith fund in seiner Statistik von etwas Tiber 100 Fallen der 
multiplex! Sklerose circa GO % Manner nnd 40 % Frauen. Auch 
Klausncr hatte vorher ein deutliches tiberwiegen der 'Manner 
festgestallt. In Ubereinstimmung mit diesen Forschern kam ein 
anderer Teil zu der Auffassung, class die Kranklieit unter Man- 
nern gewohnlichev sei als unter Frauen. So z. Beispiel Boh miff , 
Russet Brain unci Krcindlcr. 1 Vechslcr nnd Drey fuss, die beide 
aus der zugangliehen Litteratur grosse Zusammenstellungen 
machten unci sich auf solche Weise ein bedeutendes Material 
versclmfften — T Vechslcr 1970 Fiille, Drcyjuss 1151 Fiille — 
fanden iibereinstiminend ein deutliches Uberwiegen der Plan- 
ner, wenn es sich nm Erkrnnken an multipier Sklerose han- 
delte. Wcchslers Zifl'ernangabe lautet: 5S % Manner unci 42 % 
Frauen. 

Ebenso oft findet man indessen in der Litteratur Angaben 
dariiber, class die Kranklieit in grosserem Umfang das weibliche 
Geschlecht treffe, eine Ansicht, die Charcot sclion friilier ver- 
fochten hat. So gibt Muller 1904 an, class von semen 75 an mul- 
tiplex 1 Sklerose erkrankten Fallen 40 Frauen nnd 35 Manner ge- 
xvesen wi'tren. Die grosse Untersuchung, die Bing, llcesc unci 
Ackerman n in der Schweiz durchfxihrten, hatte das Ergebnis, 
class eine bedeutend grossere Anzalil Frauen an xnultipler Skle- 
rase leidend befunden warden als Manner. Bing gibt 1931 die 
Ziiler mit 1G4 Frauen auf 117 Mannern an, nnd aus spatereni 
A nlass mit 533 Frauen auf 358 Manner. Die Frauen in Bings 
Mafeiial sincl also nahezu 33 % zahlreicher als die [Manner. 
Auch wenn man dies zu dem Frauentiberschuss, der in der 
Sclnveiz im Mittel auf S % geht, in Verhaltnis setzt, bleibt fur 
die Frauen hinsiehtlich der Ex-krankung an xnultipler Sklerose 
eine bedeutend hohere Frequenz als i'ttr Manner. Zuxn gleichen 
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EwbLis koinmen a „ cll Mlr}) „. g> MonraA _ Kro , nh 

Em Toil Forecher findol koincii XJntcrechioa, to das Ge- 

W * eC . lt: ailgeht; nach ihm> Auffassung ergreift die Krankheit 
m g eicliem Any mass Maimer, wie Frauen. Allison gibt bei- 
spielsweise an, dass er bei den 59 Fallen, die er untersuc bte 
keinen nachweislichen Untersehied zwisclien den Geschlechtern 
fand. 

Bei dem von mix* untersucliten Material, das aus 1394 Fallen 
von multiplex* Sklerose besteht, sincl G46 der Patienten Manner 
und der Best von 748 Fi*auen. In Scliweden findet sicb ein 
Fraueniiberschuss, der 1931 — also zn einem Zeitpunkt, der 
mitten in die Untersuchungsperiode fiillt, die mein Material 
mn f asst — 1029 Frauen auf 1000, Manner betnig. Beriicksiclit 
man diesen naturlielien Untex'scliied zwisclien den beiden Ge- 
scblechtern, so diirfte man an Stelle der gegebenen Zalil nur 665 
Frauen auf 646 Manner finden. Nun ist die Anzahl der Frauen 
in Scliweden auf dem Lande proportional geringer als in den 
Stiidten. Im Alittel findet man liier 967 Frauen axxf 1000 Man- 
ner. Bei meinein Material zeigte es sicb, dass die Patienten mit 
multipler Sklerose relativ gleieb hiiufig auf dem Lande wie in 
den Stiidten wohnten. 914 wohnten auf dem Lande, der Best 
392 in den Stiidten. Wenn man den Untersehied der Geschlech- 
terfrequenz in den Stiidten und auf dem Lande mitberiicksich- 
figt, bekommt man also elver noeh eine grossere Diffei*enz der 
Gescblecbter innerbalb meines Materials. Dass der Frauenxiber- 
sebuss in den Stiidten 1167 Frauen auf 1000 Manner betiagt, 
kann das obenstehende'Besultat niebt nennenswert beeinflussen, 
weil ja die Fiille mit multipler Sklerose in den Stiidten im Ver- 
hiiltnis zu denjenigen auf dem Lande gering sind. 

Ft was, das denkbarerweise auf die iiber das Yerbaltnis des 
Vorkommens der multiplen Sklerose unter Mannern und Frauen 
erb alien en Ziffern einwirken.konute, ist die Tatsacbe, dass sie 
am hiiufigsten, wie icb weiter unten naclxweisen werde, zwi- 
schen 20 und 40 Jaliren auftritt. Studiert man -nun wie sicli die 
Volksxnenge und ibre Proportionen zwisclien Mannern und 
Frauen wiihrend dieser Jalire veriindern, so kann man festste 
len, dass die Anzahl der Frauen nach und nach bedeutend die 
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Anzalil dev Manner iibevsteigt. Abev auehwenn man dies be- 
riicksicbtigt kommt man doch niclit annalievnd mit einev be-, 
veclmeten Zifi'ev so liocli, dass sie nut dev in dem untevsucliten 
Material evhaltenen vevgleichen wevden kann. 

Zusammenfassung : Die multiple Side rose kommt haufiger 
bet Frauen als bet Mdnnern vor; die Different 1st niclit gross, 
aber wahrnchmbar. Sic kann mit dcr wechsclnden Zusammensct- 
znng (ler Bevolkerung in gcographisch vcrschiedcncn Bezir- 
ken odcr in vcrschiedcncn Altersgruppcn niclit erkldrt toerden. 

d) Beruf and Givilstand bei dcr multiplen Sklcrosc. 

Eine gvosse Anzalil von Avbeiten haben die Fvage dev Be- 
deutung des Bevufes bei dev multiplen Sklevose behandelt. Da- 
bei ist man aus vevscliiedenen Vevanlassungen zn vaviievenden 
Resultaten gelangt. Die Untevsuehungen sind znmeist auf Gvund 
des Materials einzelnev Kvankenluiusev vovgenommen mid um- 
fassen daliev nuv die Patienten aus dev niiheven Umgebung eben 
diesev Kvankenluiusev. Ist beispielsiveise dev Bezivk ran das 
Ivvankenliaus lievum ein 1 a u divivtsch af tlicli e v Distvikt, so iibev- 
iviegen aucli innevlialb des Materials an multiplev Sklevose meist 
Patienten mit zuv Landwivtscliaft gehovendem Bevnf, liegt das 
Kvankenhaus in einexn Waldgebiet, so iibevwiegen 'Wald- mid 
Holzavbeitev im Material. Wenn daliev auf die relative Yevtei* 
lung dev Bevufsgvuppen innevlialb dev Bevolkerung keine Riick- 
siclit geiioinmen Avivd, so muss man ja in soldi on Avbeiten zu 
ganz vevscliiedenen Resultaten gelangen. 

Zu den evsten, die die Fvage des Bevufes bei dev multiplen 
Sklevose aufgegviffen haben, gehoven M idler und Smith. In 
i liven 1901 evsehienenen Avbeiten evklaven sie iibeveiiistimniend, 
dass sie dem Bevuf dev Entsteliung dev multiplen Sklevose kei- 
nei*lei Bedeutung beimessen. Midler weisst nocli davaufhin, dass 
die multiple Sklevose ebenso oft in bemittelten, ivie in unbemit- 
telten Kveisen auftvitt, wenn man ihv relatives Vovkommen in- 
nevhalb diesev vevscliiedenen Bevdlkevungsschichteii beviick- 
sichtigt. 

In den spateven Jahven haben sicli untev andeven Ackerman n, 
Allison, Bmg , Brain mid Marburg dev gleichen Ansiclit ange- 
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schb^en. Audi gie meinen, dass der Beruf ftir die Entstehung 
(Ci inultiplen Sklero.se bedeutungslos sei. 

0.o s ., e Verbreitii.ig ertohi- die AnricUt, dass msbesomlcre 
Uolzarbeiter der inultiplen Sklerose besonderes ausgesetzt Avii- 
ren. Inter den grosseren frulieren Arbeiten, die diese Ansiclit 
•stiitzen, befindet sich die von Dreyfus* 1921 publizierte. Drey. 
j ,,s * 1( 'Otig(e eine Zusammenstellung der an multipler Sklerose 
erkrankten Batienten, die Aviihrend der Jalire 1900 bis 1920 in 
der Lifferatur beschrieben Avorden Avaren, und fand, dass die 
Mehrzahl derselben mit Holzarbeiten irgemhvelcher Art nml 
mit Landwirtschaft besehaftigt geAvesen Avaren. Auch die Frau- 
en standen auf die eine oder andere Weise gerade mit diesen 
Berufen in Koritakt. Jfusscl Bruin, der Drey fuss' Arbeit kri- 
li.seli durclige.seben hat, Aveis.st darauf bin, dass man liier die 
• Moglichkeit nicht aussehliessen konne, dass die proportional 
grosse Verteilung seiner Fatienten auf Land- und Holzarbeiter 
(lurch ein BbergeAvicht gerade dieser Berufe innerhalb der Be- 
volkerung der Gebiele, Avober die entspreebenden Fiille stamm- 
ten, bedingt Avsirc. 

Die niiebste grossere Arbeit fiber die Frage der Bedeutung 
des Berufes hei der inultiplen Sklerose Avurde von Barncss 1923 
vovgelcgt. Audi er findet ein BbergeAvicht der Holzbearbeiten- 
den. Wei ter gibt er an, dass das Milieu der Kranken Avalireiul 
ibrer Kindheit relativ oft in direkter oder indirekter Yerbin- 
dung mit den bolzbearbcitenden Berufen gestanden babe. Bar- 
ii ass .stiitzte seine Bemcrkungen auf ein Material von 500 der 
Ve rs i cl i er u n gsgesel 1 sell a f t angemeldeten Militarpersonen, die 
Aviihrend ilires Bieustes an multipler Sklerose erkrankten. 

Eine ebensolcbe Untersucbung, Avie die von Barium Avurde 
1929 von Koch publiziert. Sie studierte 700 der 1 ersicberungs- 
gesellsebaft angemeldete Militiirpersonen mit multipler Skle- 
ro.se. Koch sagt, dass von den unterschiedlichen Aideu der 
naiulAverkerberufe es sicli zeige, dass die Holz- und Metallbe- 
nrbeitenden Berufe in fiberAviegemlem Grad von der mu tip en 
Sklerose erlasst Aviirden, in Aveniger bobem Masse Avurden al- 
ien- und Waldarbeiter betroffen. Audi sie meint dass des Mi- 
lieu der Kranken in der Jugend relativ oft mit hotabeaib ten- 
den Berufen und mit der LandAvirtschaft in 1 eibmdun 0 .. 
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Adam* fimlet in einer Arbeit 1023 ebenfalls meist Landwirtc 
mul I-Iolzarbeiter unter seinen Patienten mit multiplex- Skle- 
j-o.se n nd ancli in deren Familien iibenviegeml diese Berui'e. 

Audi Bolnii if/ konstatiert, dass die multiple Sklerose unter 
den Holzarbeitern zahlreich vorkommt, allerdings trefie sie 
aueh nieht selten Eisen- und Eisenbahnarbeiter. 

Me Alpine glaubt herausgeiunden zu baben, dass die Patien- 
ten mit niultipler Sklerose oil mit praepariertem IIolz gcarbei* 
tet batten. 

Sidney, der das Vorkommen dev Krankheit, unter Soldaten un- 
tersuchte, findet, dass die. die zumeist von multipler Sklerose 
troffen werden, Pioniere siml und unter diesen wieder beson- 
ders Zimmerleute und Schreiner. 

Wilson studierte die Mortalitatszahlen der multiplen Skle- 
rose innerlialb gewisser Berufsgruppen und kani zu dem Ergeb- 
nis. dass die Ziffern fiir Landarbeiter mindestens dojipelt so 
hoch, wie die fiir die andcren Berufe wiiren, aber aueh er land 
ein gewisses Pbergewieht, was die Mortalitiitsziffor betreffe, 
fiir Zimmerleute, Haler und Gartenarbeiter. 

Kreimllcr, der die Krankheit in Kumanien studierte, kam zu 
einer etwas nbweiehonden Auffassung. Er meint, dass die mul- 
tiple Sklerose meist hei Stadtern und dort wieder bei im Hand* 
werkerberuf beselu'iftigten Personen vorkame. 

Aus der eitierten Litteratur geht deutlich hervor, wie solnver, 
ja beinahe unmbglich es ist. auf Grund kleineu unzufriedenstel- 


lend geographisch-patologixch durchgearbeiteten Materials von 
multipler Sklerose eine siehere Auffassung fiber eine naehge- 
rade so element are Sadie wie den Beruf und seine Bedeutung 
fiir die Entstoliung der Krankheit zu erhalten. 


In recht beachtlicher Ilinsicht ist das von 
Material besser geeignet die aufgeworfene 


mil* bier vorgelegte 
Frage zu studieren 


als irgend ein vorlier zuganglich gemaehtes 


Material der mul- 


tiplen Sklerose. Zumichst besteht das Material aus gleiehmassig 
im ganzeti Land (Sehwcden) wfihrend einer zehnjahrigcn Pe- 
riode gesammelten Fallen. Diese Gleiehfbrmigkeit; dfirfte mit 
gei ingen Abweichungen aueh bei Beurteilung der verschiedeuen 
Krankheitsfiille in den verschiedeuen Teilen des Landes vor- 
handen gewesen sein. Ausserdem ist Schweden ein in jeder Hin- 



siclit gut geovdnetes Land mil insbesondes vovziiglieli ovganiziev- 
ter statistiscliev Behandlung dev demogvapliischen Yevlifiltnisse. 

Urn eine sicheve Gvuiullage fur die Beuvtcilnng dev Frage 
nacli dev Bedeutimg des Bevnfes bei dev lmiltiplcn Sklevosc zu 


Tabelle 11. Specifizierte Angaben liber die Berufsverteilung boi den 
Patienteu mit mnltipler Sklerose. Die Freqnenz (F) = die 
Auzalil der Fiille pro 10 000 lndividueu innerlmlb der ver- 
scliiedenen Berufsgruppen. • 


Landbau and Vielizuelit 



Pat. mit 

multlpler 

Sklerose 

Sliinner 

| Frauen 



Landarbeiter mit Tieren | 

Landarbeit., nielit specifiziert 

Gutseigentumer 

Gartenarbeiter 

Meiereiarbeiter 

Stallkneebte 

Tiscliler im Landbau mit Tieren 
Tiscliler im Landbau olme Tiere! 
gclnniede im Landbau 
Dienstvolk im Landbau mit 
Tieren 

Dienstvolk in Landbau olme 
Tiere 

Bauerntocbter beim Bauern: 
Bauerntocliter beim Bauern mit 
Tieren 

Bauerntocliter beim Bauern 
olme Tiere 

Bauersfrau mit Tieren 
Bauersfrau olme Tiere 
Hauslialtarbeiter auf dem Hof: 
Hauslialtarbeiter auf dem Hof 
mit Tieren 

Hausbaltarbeiter auf dem Hof 
olme Tiere 


S u iu m e 

Bevblkerungsmenge innerlmlb 

der Berufsgruppe: 2 043 2oS 


F = 2,7 


574 

F = 2.8 
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Fisclicrei 


Fischer 


S n m in e 


BevJilkeniiipsinoiiKe innorhall) 
(lor Borufsgruiipo: 41 404 


Pat. mit mulLlplcr 
Skleroso 

Milnner 

Frauen 

2 

.0 

2 

0 

2 

! 

F = 

1 

0,5 j 


I3oruf des Beruf ties 
Valors Gattcn 


Wald- mid Forstwirtschaft 


lVhldwHchter, .Tngdmeistcr 

Waldurheltcr 

Fliisser 

Floss-chef 


S u m in e 

licvulkcrtingsincnge inuerhalh 
dor lii'rufsgriippc: 182023 


Pat. mit nuiUiptor 
Skleroso 

Manner j Frauen 

IWuf ilos 
Vntorn 

BoruC (lea 
Cation 

o 

0 

c 

1 

29 

0 

16 

3 

3 

0 

3 

0 

0 

0 

1 

0 

31 

31 

26 

4 

F = 

= 1,0 

F= 1,4 
























Erzgrubenarbeitei* 
Eisencnverksarbeiter 
Meclmnisclie Wcrkstattarb. 
Sclimiede, Sclmiiedearbeiter 
Kupferscliliiger 
Tjlirinaclier 
Goldscliniiede 
Ingenieure 


S u m in c 


Bevblkermigsiiieuge innerlialb 
der Berufsgnippe: 4G4 77G 


F = 1,i 


F:=0,9 


Industrie der Erden nnd Steine 

iPat. mit multipler 


Sklerose 

Manner I Frauen 


Beruf des Beruf des 
Vaters Gatten 


Kolilentriiger 

Steinarbeiter 

Kalk- uiul Zemcntarbeiter 
Ziegel- und Porzellanarbeiter 
Glasarbeiter 


S u in m e 

Boviilkcrnngsnieiige innerlialb 
der Berufsgruppe: l p > ° 32 1 


F = 0,s 


F = 2,o 


5G 






Holzwarenindnstrie 



Siigewerksarbeiter 
Holzarbeiter 
Schreiner 
Wagenmacher 
Bottcher- Korbmaclier 


S u m m e 


Bevolker uiigsm enge i n n erha lb 
der Berufsgruppe: 270 135 


Pat. mit multipler 
Sklerose 

Manner j Frauen 


Beruf des 
Vaters 


Beruf des 
Gatten 


F = 0,9 


F= 0,8 


Papier- und Grnphisciie Industrie 


Pat. mit multipler 
Sklerose 


Beruf des 
Vaters 


Beruf des 
Gatten 


Papierarbeiter 
Buclibinder 
Bucli tlrueker 
Typograplien 
Pbotograplien 


S u m m e 


Bevolkerungsinenge innerlialb 
Berufsgruppe: 142 343 



F = 1,3 
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ns 



Leder-. Ilaar- 

und Gumniiindustrie 



Pat. mit multipler 
Sklerose 

Beruf des 

Beruf des 



Vaters 

Gatten 


Manner Frauen 

: 

f 



Giirbereiarbeiter 

Sclmhmacher 

Scbuhfabriksarbeiter 

Sattler 

Gummiarbeiter 

Barbier 


S n m m e 


Bevolkerungsinenge innerbalb 
der Berufsgruppe: 118 866 



18 


F = 1,6 


19 


F = 1,6 


Ckemisch-technisehe Industrie 


Pat. mit multipler 

Sklerose Beruf des 

Vat era 



Oel-, Seife- unci Lielitarbeit 

Galvaniseur 

Pulrerarbeifc 

Streicliliolz-sulfat-fabriks- 

arbeiter 


Summe 

Bevolkerungsinenge innerbalb 
der Berufsgruppe: 45 857 






























Bauarbeiter 

Rchachtarbeiter 

Maurer 

Anstreicher 

Schreiner 

Holirlegcr 

Klempner 

Gasarbeiter 

Eiektriker 

Strassenrcinigung 

Ingenieure 


S u m in e 


, Bevolkeriiiigsnieiige innerbalb 
dor Berufsgnippe: 310 S22 


Pat. mit multipler 
Sklerose 

Manner 

Frauen 

4 

0 

12 

0 

0 

0 

18 

0 

8. 

0 

4 

0 

2 

0 

1 

0 

9 

0 

1 

0 

6 

0 

65 

1 0 


F = 2,1 


F = 2,2 


Handler, Gcsclinftsleute 

Kontoristen 

Ilandelsreisende 

Verkiiufcr 

Lngerarbeiter 

Hotelarbeiter 

Kellnerin 


Handel 

Pat. mit multipler 
Sklerose 

Manner I Frauen 


Beruf ties 
Vaters 


Beruf des 
Gatten 


Sum 111 C 

[ Bevolkerimgsmenge innerbalb 
der Berufsgnippe: 390180 


F = 2,c 


F = l-0 


GO 









Yerkebr 


Pat. mit multipier 
Sltlerose 

JIanner I Frauen 


Post 

Telegraph 

Eisenbahn 

Strassenbalm 

Fulmuiterneliiner unci Arbeiter 

Chauffeur 

Transportarbeiter 

Seekapitan 

K'jemann 

Muscliinist, Schiffsbeizer 


Sum in e 


Bevblkerungsnienge innerha lb 
der Berufsgruppe: 307 757 


Beruf des Beruf des 
Vaters Gatten 


3 

3 

2 

1 

1 

5 

0 

0 

18 

0 

21 

0 

2 

0 

0 

0 

( 4 

0 

6 

0 

12 . 

0 

2 

0 

2 

0 

0 

1 

0 

0 

8 

0 

5 

0 

5 

0 

8 

0 

3 

2 

1 55 

8 



| 63 

47 

7 

* 

F = 

1,7 

F = 1.8 







Ha usar licit 


Pat. ink multiplor, 
Sklerose 

Miinner | Frauen 


Beruf des Beruf des 
Ynters Gatten 


Ilaiisgehilfin oliue speciflzlerte 
[ Arbeit 
Hausineister 


S u in m e 

Bcvolkerungsineiige imierbalb 
der Berufsgruppe: 219 384 


F = 3,2 


F = 0.5 
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denen Bevufsgvuppen beschaftigte Anzalil von Individuen ev- 
lialten. Allevdings begriindet sieh diese Ziffeniangaben auf de- 
nen des Jahves 1920 also einev etwas fviiheren Periode als dev 
von mil* nntevsucliten dev J alive 1925 — 1934. Icli glaube abev 
niclit, dass sicb die Relation zwisclien den vevscliiedenen Bevufs- 
gvnppen valivend diesev kuvzen Zeitspanne in ivgendeinem nen- 
nenswevten Grad vevandevt liaben diivfte. 

Ich babe in den Tabellen aucli den Bevnf des Vatevs odev 
Gatten jeweils in einev Kolumne aufgefiihvt. In 926 Fallen hat 
sich dev Bevuf des Ipatevs bestimmen lassen. 

Am Scliluss dev Tabellen iibev jede Bevufsgvuppe ist das ve- 
lative Yovkommen dev zu dev betveffenden Bevufsgvuppe behb- 
vigen Fiille von multiplev Sklevose auf 10000 Einvolinev 
(F/10000) beveclinet vovden. Dies gescbab so volil fiiv die Fiille 
dev nmltiplen Sklevose, vie fiiv die Viitev dev Patienten mit mul- 
tiplev Sklevose. Tabelle 12 bietet nuv eine Zusammenstellung 
diesev Resultate. 

Aus den Tabellen konnen vir entnebmen, dass die multiple 
Sklevose am hiiuftigsten bei Pevsonen zn sein scbeint, die mit 
hiiuslichev Arbeit beschiiftigt sind. Dennocb muss diese Bevufs- 
gvuppe bei meinem Mate vial mit einev gevissen Resevvation anf- 
genommen vevden, veil die Patienten, die angegeben liaben, 
mit bauslicben Avbeiten besebfiftigt zu sein, mituntev vahv- 
scheinlich zu einev dev anderen Bevufsgvuppen batten zugeziiblt 
vevden konnen, Venn noch genaneve Diffevenzievnng mbglich 
gevesen wave. Besondevs die vevbeivateten Frauen innevbalb 
diesev Gvuppe kdnnten sicbevlieb zu einem gvossen Teil untev 
dev Bevufsgvuppe ibvev Manner gefiihvt vevden. Die Ziffev 
3,2/10000 evscbeint sonacb etwas gross und diivfte in Wivklich- 
keit gevingev sein. 

Fine b vequenz von iibev 2,;>/10000 finden viv innevbalb dev 
Bevufsgvuppen Landbnu, Textilimlnstrie, Handel, bffentlicbev 
Dienst uml fveie Bevnfe. Die Landbautveibcnden liegen also 
leeht boeb auf dev Skala, abev nicht anniibevnd so lioch, vie 
man man sie friiher vevanseldagte. Indessen scbeint ein gcvis- 
ws, obvohl kleines tfbevgevieht beim Landbau vovzuliegen, 
vemi man ancb auf den Bemf des Vatevs Riieksieht nimmt^dev 
nut 2, S/10000 eben falls zu diesev Bevufsgvuppe gelid vt. Bet vaeli- 
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tet msm die totale Anzahl der Fall* inueri.alb dieser Gruppe 

mJt IrMr ™“ ‘ le ‘' 8r0SSe " Zahl Wr die P«tt»nten mi t 

multipler Sklerose, wie aucli derjenigen fur den viitevlichen Be- 
lui irappiert. Allerdings sind, vie man gleiclizeitig feststellen 
, vaun ’ wcllt weni ger a ls 2 Millionen Mensclien im Lande gerade 
innerlialb dieses Berufszveiges besclniftigt. Auf diese Weise 
wird es leicht den Fehlschluss in melireren der oben citierten 
Arbeiten zu versteben, venn man dieses zveifellose tibergewiclit 
der landbauenden Bevolkerung in Betraclit zieht. 

Dass die Textilgruppe so lioch kommt beruht auf den reclit- 
zalilreichen Heimnalierinnen. Die iibrigen Bescliiiftigten dieser 
Gruppe sind zahlenmiissig unbedeutend. 

Beim Handel entfiillt der Hauptteil der Fiille auf Kontoris- 
ten und Verkaufer — insgesamt 6S Stiick, davon 34 Manner und 
34 Frauen. Was scbliesslieli die letzte Gruppe liber 2,5/10000 
betrifft — offentlicher Dienst und freie Berufe — so hat es den 
Anschein, als ob die Melirzahl der dortliin gehorenden Patien- 
ten als Kleiukinder- und Volksscliullehrer und -lelvrerinnen be- 
schiiftigt varen ; denn niclit veniger als 27 Patienten, 9 Manner 
und 18 Frauen gehoren in diese Berufssparte. Im iibrigen ver- 
teilt sicli die Kranklieit ziemlich gleiclimiissig auf die anderen 
Berufe der Gruppe. 

Es ist von Interesse, dass die multiple Sklerose gerade inner- 
lvalb dieser Gruppe so verlialtiiismassig lniufig vorkommt ; denn 
ein allgemeiner Eindruck gelit ja dahin, dass gerade die soge- 
nannten gebildeten Berufe der Kranklieit niclit so ausgesetzt 
varen, vie die melir korperlicli arbeitenden. Meine Ergebnisse 
widerspreclien reclit deutlich dieser Bella up tung. 

Das Vorkoinmen der multiplen Sklerose innerlialb der iibri- 
gen Berufsgruppen variiert in ganz kleinen Grenzen. Dasselbe 
ist der Fall mit Bezug auf den viiterliclien Beruf. 

Die Angaben daruber imvieveit die multiple Sklerose hiiu- 
figer bei verlieirateten oder unverlieirateten Frauen vorkommt, 
sind selir spiirlicli. Der einzige, der eine grbssere Untersucliung 
hierfiber angestellt liat, ist Wcchsler. Er gelangt zu der Hel- 
ming, das der Civilstand von keiner Bedeutnng fur die Kian.- 
heit sei, findet sie aber gevolmlicher vorkommend bei verhei- 
rateten Frauen. Das sei nacli seiner Ansicht erklarlicli, 
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Ta belle 12. Die Verteilung Her niultiplen Sklerose iimerhalb rter ver 
sebiedenen I’erufe. 


Berufsgrui>iieu 

BevBlker- 
unRsmiinffc 
innorhalb 
dor Berufs- 
l?ruppe 

j Anznlil 
ter Fiil- 
le von 
mult. 
Skier. 

F/10000 

Zahl tier 
inncrlinlb 
ties Iterufs 
UcscWlftlB- 
ten Voter 

F/10000 

Landbsui nnd Yielraieht 

2.013.258 

j 565 

2,7 + 0,1 

574 

2,s 

Fiselierei 

41.404 

B 

0,5 + 0,3 

5 

1,2 

Wald- nnd Forstwirt- 
scliaft 

182.023 

34 

1,9 + 0.3 

26 

1.4 

Erzliergban-, Mineral-, 
Metall- Mnsehinen- 
iiulnstric 

4G4.77G 

50 

l.i +0,1 

40 

0,9 

Industrie der Erden 
nnd S'leine 


11 

0,3 ± 0,2 

26 

2,0 

rielzwavenindustrio 


25 

0,9 + 0,2 

22 

0,8 

Papier- and grapisohe 
Industrie 

144.343 

IS 

1,3 + 0 3 

7 

0,5 

Xalirungs- and Gennss- , 
lnittolindustrie ! 

147.235 

22 

1,5 + 0,3 

31 

9 1 
-,1 

Textil- nnd Hekleidungs- 






Industrie 

200.1 00 

57 

2.7 + 0.3 

19 

1,0 

Leder-, Ilaar- nnd Gum-' 
nuindustrie • 

1 18.866 

IS 

i ,0 0,« 

19 

1.0 

Cliemiseh-teeliniselie 






Industrie ; 

•15.857 

7 

1.5 + 0,1 

5 

1,1 

Ilangowerbe, Helewh- 
tuug, Wasserleitung J 

310.S22 

65 , 

2,1 + O.n 

69 

2,2 

Handel ! 

300.1 SR 

102 

2.c ± 0,2 

11 

l.o ; 

Verkelir 

307.757 

63 

1,7 +0.2 

47 

1,3 | 

offentliclier Dienst nnd j 
freie llenife 

271.270 

72 

2,0 + 0,3 

35 

! 

ul 

Ilausarbeif ’ j 

210.881 

71 , 

3,2 + 0,1 

2 

0,5 S 


ginjsste Anzahl Frauen in don .Tnliren zwisolion 20 nnd 50, wjih* 

lend deren die Kranklieit am Ju'iufigsion ware, vcrheiralet 
seien. 
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Bje Auzalil der Frauen meines Materials betragt 748. In ei- 
nem Teil der Falle wav es unmoglich Angaben darubev zn cv- 
JiaIten,-ob die Frauen verheiratet Oder unverlieiratet waren. 
Eechnet man diese Falle ab, so bleiben 690 Frauen. Yon diesen 
waren 291 verheiratet und 399 unverlieiratet, als sie ini Kran- 
kenhaus bebandelt warden. Bei einem Teil der Fiille koimte 
nicbt ausgemaclit werden, ob die Patientinnen zur Zeit der Er- 
kranknng verheiratet waren Oder nicbt. Reclmet man aucb diese 
unsicheren Falle ab, so bleiben 636 Fiille und von diesen waren 


26S verheiratet und 368 unverlieiratet. 1st diese Proportion nun 
die normale Oder uberwiegt ein Teil iiber den anderen? Zur Be- 
antwortung dieser Frage venveise icb auf die Tabelle 13 und die 
Figur 3. In der Tabelle babe ieh die relativen Zalilen fiir die ver- 
heirateten und die un verheirateten Patientinnen mit multipler 
Sklerose per 1000 Fiille berechnet. Im Bild findet man diese 
Belationszahlen (d. li. die Zalil, die bei successivem Ansgleieb 
aus diesen Zahlen erreclmet wurde) znsammen mit entsprecben- 
den Zalilen fiir die gesamte weibliclie Bevblkerung der ver- 
gleiebbaren Altersgruppen eingezeiclinet. 


Tabelle IS. Verteilung her verheirateten und der unverlieirnteten Pa- 
tientinnen init multipler Sklerose iunerlialb der verscbiede- 
uen Altersgruppen. 


Altersgrunpe 


16-20 
21-25 
26-30 
31-35 
36-40 
41-45 
46-50 
51 —55 
56-60 


Verhei- 

ratet 


5 

41 

72 

50 

45 

25 

13 

12 

5 


268 


Unverhei- 

ratet 

Summe 

Relative Zahlen pro } 

1000 Falle 

Yerheiratete 

Unverlieiratete 

102 

112 

85 

915 

100 

141 

290 

710 

76 

148 

486 

514 

41 

91 

549 . 

451 

16 

61 

737 

263 

15 

40 

625 

375 1 

9 

22 

590 

410 

4 

16 

750. 

250 

0 

5 

1000 

0 

368 

636 

1 


Aus Figur 3 und der Tabelle 13 geht hervor, dass sowohl ab- 
solute wie relativ die verheirateten Frauen geringer als die un- 
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MO »-*5 m 31-35 34-Y3 1HJ M 51-55 

T'Irht J)nx 1 rrhiiltnis ztrisejn >i unr< rli< irnlrtni mid vcrlicinitctcn 
]■ ratten pro JO(i(i J'iUle in rrrsrfiit drum .Ufcrsf/nt/ijtcn von 21 
his .10 Jnhrm. Dir pitnl.licrfni Kurrm :riijr» this Vrrliiillnis 

fiir die irrihlich r IU r<dl;< rini<i dt s i/'itizm f.u tides. . 

iuirntetr I'niuni, unverht irutete J'nuirn. Dir tin stir zn- 

" IMtint rnisprt r/irn dm Kum n fiir irrihUrhr Sidrrosr- 
f it lie. 


verhoirutotou situl. Writer kann man vahrnolimen, dnss hoi den 
Jalii-esfirnpiK*!! v<m til) his .*,‘0 .Tahven sieh die Kurve dor - osaln . 
ion yvoiblivhm Beviilkermi" and diejenijre dor Patienton mi t 
malt iplor Skierose hoarhtlich nalierii. Pariiher hiimus l.osaixen 
sic. dass die Km- vo dor mivorlioiratoten proportional niolit. mit 
dor xloiehen Selmelli.ekeit sinkt. vie die ontspreelumdo dor -o- 
ramton Bov.il korunjr. Wir orimiorn nns. dass alio Patient innen 
dos I„or ahjxohandelton Materials horoits verheiratet vnren. al* 

K “ von <lel ' Kv:nikhc ‘ U ,M>fnlu ‘» burden. Nun trifft die multiple 
Wdoroso znmefat Poisoner, im Alter von lG-:« .Tahven. 3* 

konwu voroin ,e!t VO r, dass cine Pationtin. navhdom sio an mul- 





os P i I iTcht kI \T Be SiCU verheiratet Uat > gevrolmlich ist 

; _ ; ALs0 ei ' schenit e « dnrchaus natiirlicli, class Avir jenseits 

* es dreissigsten Lebensjahms mchv nnverheiratete und venieer 
verlieiratete Patientinnen mit nmltipler Sklerose beobachten 
Ji s bei den entspreehenden Proportionen cler gesainten Bevol- 
kerung. 


Zusammbxpaskcxg; Bine sorgfiiltige Studio dariibcr, wie sich ' 
<Uo cinzclncn- Bcrufc auf die Paticntcn der multiple n Sklerose 
rcricilen , zeigf cit i midbcdcutcndcs Vbcrwiegcn der inncrhalb 
■der Landicirtschaft , der Tcxtilindustric , dcs Handel des of- 
fcnl lichen Dicnsics mid der freien Bcrufc beschiiftigten Perso- 
ncnkrciscs . Ton. lull-ease ist ca, mill rzunch men, dass die Zahlen 
der (tus der Laudicirtacliaft an multiple)- Sklerose erkrankten 
Paticntcn mid diejenii/en, dcren Bltern aus der Landicirtschaft 
■stammen Oder in ihr heschiiftigt woven sich entsprcchen. Bin 
Vherwiegcn der in der Landicirtschaft hescJuiftigfcn Personal 
wird hierdurch wall rack ein 1 ich cr. 


e) Vber die famil jiircn Yerhiillnissc bei der multiple n 
Sklerose. 

3.) Xerve n- inul Geisteskrankheiten. 

Xuch einer verbreiteten Ansicht soil es besonilers ungeAvblm- 
lieh scin, melircre Fs'ille von multiplex* Sklerose in ein unci cler- 
.selben Familic anzutreffen. So meinl St rum pell 191S, class man 
so gut Avie niemals die multiple Sklerose bei Gesclnvistern be- 
•obachte. Trotzdom siud die Angaben fiber ein A orkommen der 
mult iplen Sklerose in den Familien der Erkrankten in der Lit- 
teratur keinoswegs gering, Zuuicist. handelt es sieli liierbei utn 
Mitteilmigen einzelner Fiille, sol toner uni Studien der Vererb- 
lielikeit in grbsseren Materialziisanimenslellungen. AYenn icli 
daher muunchr Litteratm- zu dieser Frage citiere, so erliebe icli 
keinen Ansjirucli darauf, biermit alles erfasst zu luiben, was auf 
diesem Gebiet geselirieben vvurde, meiue Absicht ist vielmelir 
lediglieli einige Bcispiele aus einschlitgigeu Seliriftnm zu geben. 
So Avenlen beispielsAvci.se einzelne Fiille von Curschmann zu- 
niichst 1920 unci spa ter 193S beriehtet. Er stellte multiple Skle- 
rose bei der Sclnvester des Valors und dem Xeffeu, and bei •> 
Briidern fest. Ffir diese letzteren ist es von Interesse darauf Inn- 



zmveisen, (lass alle Brtider zn versehiedeneu Zeitpunkten er- 
k rank ten mul (lass sie alle verschiedene Symptome aufwiesen. 

Simon besehreibt zwei Familienfiille, den einen bei Mutter 
und Toehter, den andeven bei zwei Briidern. 

Das A'orkommen dor nmltiplen Sklerose bei eineiigen Zwil- 
lingen ist unter amlerem von J outsell besclirieben. Audi bier ist 
e.s von Interesse. dass die beiden Zwillinge nidit gleichzeitig er- 
krankten. sondern mit einem Zwisehenraum von 12 Jahren. 
Einen almliehen Fall von eineiigen Zwillingen besehreibt Cur- 
tins. Ilier erkrankte der cine Zwilling mit 21 Jabren und der 
andeve mit 18 da liven. 


Jiiiifj sagt , dass ev in seinem grossen Material aus der ganzen 
Schweiz (891 Falle von niultipler Sklerose) in 13 Fallen belas- 
tete Faniilien gefunden butte, biervon (5 nial bei Geschwistern, 
2 mal bei 1'ater und Toehter, einmal bei Mutter und Sohn, ein- 
inal bei Mutter, Son und Toehter. ausserdem 2 mal bei Vettern. 
A Venn man die Proporlionen dieser Familienbelastnng mit niul- 
tipler Sklerose in Hint) As* Material bereebuet, erhalt man als 
Ziffer 1.11 [ i . 

Allison land in seinem Material von niultipler Sklerose ((55 
Pallet in 2 Fallen multiple Sklerose in der Familie. Bei beiden 
Fallen handelte es sieh urn (Jeselnvister. 

Marhunj besehreibt 3 Fiille von niultipler Sklerose in Fami- 
lien bei einem Material von 152 Patienten und kommt zit dem 
Sehluss. dass olme Zweifel eine direkte llereditat. bei der mul* 
tijilen Sklerose exist iert. 

Bfrincr besehreibt multiple Sklerose bei 2 Sehwostorn. 

Fine sorgfsiltigo I'ntersuehung auf diesom tJebiet ist von 
Curtins pnbliziert worden. Fr untersuebte die Faniilienverbalt- 
nisse in 10(5 Fallen von niultipler Sklerose genau und land un- 
ter 2P2 untersuehten Eltern nuv 1 Fall von nnsiebercr niul- 
tipler Sklerose. dagegen unter -Ml Geschwi stern -1 siebere und 
einen unsicheren Fall. Ev bereebuet das prozentuale Yorkoni- 
men in der Familie mit 1.35 f i und vergleiebt es mit dem von 
B'ukj erlialtenen. I)as A’orkommen der nmltiplen Sklerose in 
der gesamten Schweiz wild mit 0,023 < /, bereebuet. Fur Curtins 
bildet die bedeutende Steigevung der Krankbei1sFre(juenz unter 
Gesehwjstern und nahen A’envamlten den Beweis dafiir, dass evb- 
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0 

0 
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15 
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2 
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1 

2 
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4 
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Migriinc 

0 

0 
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0 

9 

Eneeplmlitis 








■ letlmrgica 
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11 
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0 
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Goistoskranklicit 
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liche Faktoven einc entsebeidende Rolle bei dev Entstehung 
tier Kvankheit spielen. 

Voss, dev systcniatiscbe ananmestisebe Studien iibev die mul- 
tiple Sklevose duvebl'iibvte, ist demgegemibev zu dev Auffassuug 
gelnngt, class die evbliclie Belastung bei dev inultipleu Sklevose 
den Duvchsehnilt sichcrlich niebt iibevscliveitet. . 

Xeulich beschveiben Fog mul Whither einige Fiille von famil- 
jiivev lmiltipler Sklevose. Bei AYinthev's siimtlichcn dvei Fiille 
hnndelt es sicli mn Uesclnvistev. 

Zusanunenfasseml wivd man sagen konnen, dass also mul- 
tiple Sklevose in dev Yevvandtsehaft des Evkvankten vovkom- 
men kami. Ein Teil dev Fovsehev iiinimt sogav ail, dass die 
Ivranklieit in diesein Fall in einer Proportion vovkommeu iviiv- 
de, die gvossev als die Fvequenz dev Kvanklieit in dev iibvigen 
Bevolkevmig ist. 

Bei deni von miv untevsiichten Material land icli multiple 
Sklevose in dev Familie des Evkvankten in 19 Fallen. Die lder 
bevucksicbtigten Familienfalle konnen als sicbeve Fiille ion 
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inulliplcv Sklevose angesehen Averden; sie shul alle in Kvanken- 
liaus diagnostizievt. Die Yevteilung diesev Fiille innevlialb dev 
YevAvandtschaft des Patienten geht aus dev Tabelle 14 lievvov. 
Die 2 Fiille, die dovt imier dev Rnbvik »In dev Ycv\vandtschaft» 
nufgenommen warden, beziehen sicli beide auf ScliAViigev dev Ba- 
tienten nnd sind deshalb niclit duvcli ivgendein Bluiband mil 
dem Kvanken vevbunden. Sie mussen bci dev Stndie familjuvev 
Belastung weggelassen Avevdcn, abev sie sind dock von Bcdou- 
tung bei dev Diskussion iibov die infold ibse Genesis. 

In 4 Fallen kom die Kvankbeil bei Selnveslevn vov, in 5 Fal- 
len bei Bvudevn, in 0 Fallen bei Selnvestev nnd B ruder nnd in 
den zivei verbleibemlen Fallen bei Toclitev and Yatev wild Mut- 
lev. Weim iviv das Yovkonnnen in dev engeven Familie mil: IT 
Fallen veelmen and diese Zabl in Yevbaltnis setzen zu dev An* 
zabl von Fallen des Materials, in denen siebeve Angaben iibev 
die familjiiven Kvankbeil en evballen ivevden konnlen. d. li. 
zu 10ir> Fallen, so cvgibi sieb die Zabl von 1,0S % + 0,1. Bus 


Yovkommen dev mnlliplen Sklevose innerbalb dev Gesamtbevbl- 
kevnng betviigt B105 Fiille anf 0141 571 Eimvobnev, das beisst 
also nnv 0,022:. % + 0,0005. Genan Avio liUuj nnd Curtins liabe 
also aneb ivb eino gvosseve Fvequenz dev mnlliplen Sklevose in- 
nevbalb dev Familien dev Kvanken festgeslellt als sie sieb inuev- 
balb dev Gesamlbevblkevnng findel. nnd zwav 1st diesev Fntev- 
scbied etwn SO mnl so gross (e(I>) ~ 1.00 -f- 0.4). 

Diese Zablen gellon nnv fiiv die sicbeven Fiille von multiple!- 
Sklevose. In einev keineswegs geringen Anzabl dev Fiille haben 
die Patienten abev leils in den Kvankenbausjouvnalen toils in 
Angaben an mich auf Gvund dev Fvagebogcn angegeben, dass 
gewisse Angehovigo an Kvankenbeiten gelilten biitten, die ibvev 
eigenen geglivben. I nzweifelhaft bandell es sieb liievbei in einev 
Mehvzabl von Fallen Avalivsvheinlieb niclit nut multiple Sklevose. 
sondcvn urn nndevc Kevvenkrankbeiten, abev ebenso sicbev ist, 
dass zumindcst in einem Teil dev Fiille Avivklich die Bede von 
multiple!- Sklevose gewesen isl. Also aneb Avonn diese Fiille dia- 
gnostisdi niclit siebevgesleUl sind. so baben sie docli vom here- 


d it iiven Gesiebtsjmnkl aus iliv 
Belas! ung. Die Yevteilnng dev 


grosses Inlevesse, als neurogene 
vevsebiedenen Fiille kann in dev 


Tabelle. 14 abgelesen Avevden. 
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^achsleheml cine Analyse dieser Fiille: 

Dii ’ gn0Se Kft ckenmarksleiden. In einem 
■ <lle dei Brn tier der 20 jalu-igen veiblichen Patientin iilm- 
. • T,liptonie mit nnsichereiu Gang mid Selistorungen. In 
oinem Fall war der Vnter eines 50 jalu-igen miinnlichen Patien- 
lon zunachst an einer Hand geliilunt Avorden, spiiter an den 
Beinen mid danacli an seiner Krankheit verstorben. In einem 
Fall liatie tier Bruder einer 47 jalu-igen Frau an sclnvanken- 
dem Gang mit Seliutteln in den Beinen gelitten, spiiter traten 
Gehstorungen hinzu, so dass er die letzte Zeit niclit mein- gelien 
konnte. In so gut wie alien anderen Fallen ist von den Kranken 
angegeben Avorden, sie liiitten die gleiclien oder iilinliclie Krank- 
lieitssyniptome geliabt wie die Patienteu, aber ohne andere De- 
tails. 


Es hat also den Anschein, dass die Ziffer, die ich mit 1,08 % 
oben fiir das Vorkonunen der nniltiplen Sklerose innei-lialb der 
Fa milieu angab, ehev zu niedrig gegriffen ist, Aveil ancli cin Teil 
der eben wiedergegebenen Fiille multiple Sklerose gewesen sein 
kann. Die Belastung wiirde auf diese' tYeise nocli intensiver 
Avorden und beaclitlicU die von den oben genannten Forscliern 
a n gegeben e fiber t re f f en . 

Dureli die Untersuehungen von insbesondere Curtins Avurde 
aufgezeigt, dass Is erven- und Geisteskrankheiten ebenso Avie ru- 
dimentiire Formen derselben bedeutend hiiul'iger bei Familien- 
mitglicdevn von Patienteu mit multipier Sklerose auftreten als 


bei der Durelisehnittsbevolkerung. Curtins ist der Auffassung, 
dass die Eltern soldier an multipier Sklerose leidender Patien- 
len sieh von der Durehschnittsbevfilkerinig insoAveit dcutlich 
untevsehieden, als sie als ausgesprodien psycliisch mindenver- 
tig zu bezeiehnen seien. Bei den Gesdnvistern der Kranken fond 
er* nieht die gleiclie Minderwertigkeit, glaubt aber, dass dies 
dnranf beruhe, dass diese zur Zeit der Untersuchung sicli nocli 
in l-edit jugendliebem Alter befumlen liiitten. Er Aveisst auch 
darauf bin, dass das Vorkonunen organisclier Kervenkrankhei- 
ten neben versdiiedenen Psych opathien eine gesetzmiissige Er- 
scheimuig sei. 

Schaltcnbrand hat ebenso Avie Curtins diesel ben neuropa io- 
logischen Dispositionen in Familien, in denen die multiple Skie- 



rose vorkommt, gel'nmlen. So hat er in solelien Fain i lien sovohl 
Muskeldystrophien a Is aneh Friedreichs Ataxie gesehen. Trotz- 
( ]em ist er tier Ansicht, (lass tliese Vcrhiiltnisse den erbliclien 
Charakter tier Ivranklieit nicht beweisen, dass dies vielmelir nur 
eine getvis.se Geneigtheit im Xervensystem bei diesen Familien 
andeute. Fine vergleichbare Geneigtheit fin (let man bei Patien- 
ten. die an Tabes oder Paralyse erkranken (Scliultcubnuid). 

Audi M urban/ meint, dass bei nervtis Belasteten. bei denen 
eine geivisse Selnvaehe in tier Anlage des Xervensystems vor- 
ausgesetzt iverden fcann. die Ivranklieit sieli unter Umstanden 
leichter enliviekeln kann. Imlessen glaubt er nicht, (lass dies 
mit Xotwendigkeit fair die endogene Genese tier multiplen. Slcle- 
rose spricht. 

Idi babe bei meinem Material versucht aucli auf die even- 
tuelle Ilelastung mit Xerven- and Geisteskrankheiten uberliaupt 
gesehen Kilcksicht zu nebmen, so dass man a us der Ta belle 34 
das Yorkommen von Epilepsie, Migrane. Encephalitis letbargi- 
ca, Ilirntumoren, Geisteskrankheiten und Schwachsinn oder Zu- 
ruekgeldiebenheit in den Familien dev Evkrankten erseben kann. 
Am moisten uberrascht hierbei die ungewdbnlich bobe Zabl von 
Fallen von Geisteskrankbeit in der Yerwandtsebaft der an mnl- 
tipler Sklerose evkrankten Patienten. Pie Gesnmtzabl betriigt 
00, und von diesen sind die Mebrzalil entspreebend den gemacb- 
ten Angaben in Inenanstalten behandelt Avorden. Pie Grfisse 
und Iledeutung diesev Ziffer zu beurteilen ist scbwievig. Yev* 
gleicbt man das Yorkommen der Geisteskrankheiten inncrhalb 
der Bevdlkerung iiberhanpt — bereebnet fur 1 bib), avo 35 550 
Geisteskranke auf 5 004 0(H) Fimvobner oder 0.127',' kamen — 
mit dem \'orkommen von Geisteskranken in den Familien der 


an multipler Sklerose Evkrankten — also 00 Geisteskranke auf 
3010 Fa He von multipler Sklerose oder fast 0.0 \' f — so findet 
man fur die letztere Gruppe eine bedeutend grdssere Frequenz 
dieser Ivrankheiten. Wenn aueb naturlieb diese Zablen nicht 
unmittelbar vergleicbbar sind — umfasst die eine docli eine Pe- 
riode eines .Tallies und die a ml ere eine solehe von 30 .Tabven — , 
so gebcn sie (loch eine ungefiibre Auffassung der Yerbiilfnisse. 

Studiert man die gauze neuro-psychogene P.elastung, so fin- 
det man also innerbalb des vorliegenden Materials in nicht avc- 




^01 ids 10 Fallen familjfiws Vovkommen neuvo-psvchoee 
’ . * L, ' n,kJ,ejte «- Xelatievt man die.se Ziffer auf das gauze Ma- 
id ml dex- multiplen Sklevose (1365 Fiille) bekomml man 16 %. 
vgend eme Auskmift fiber das Vovkommeu dieser Kvanklieiten 
nntcr dev Bevolkerung des ganzen Landes lmbe icli nicht evlml- 
ien kdnnen, aber es scheint wahvscbeiulkli, dass die von mir er- 
haliene Ziffer ungewbhnlicli lioeh ist. 


Z usaji jiexfass uxg .* Die Lntcrsnchnng hut gczeigt, (lass in 
Familial von Palicnten , die an multiple r Slclerose leiden die 
multiple (tfclcrosc nahezu SO mat so oft vorkommt wie hi tier 
Durch svh n iltshevollccrung. Die crhaltcnc Ziffer liegt sogar an 
dcr Untcrlcante veil si eh inncrhalh des Materials cine Ansahl 
von Fallen findet, die nicht mit Sichcrhcit rerificiert warden 
Iconntcn, hei denen aher die Diagnose dcr multiple)! Slclerose 
maglieli ist. Audi das VorJcommen von Geisteslcranlchcitcn in 
den Fantilicn dev Patienten mit multiple r Slclcrose ist hedcutend 
grosser a Is hei dev normalen Bevdllccrung. Die gauze neitro- 
psgehogene Belastung geht his 16 r / c liinauf. 


2.) Tubevlnilose bei nmltiplev Sklevose. 

Bei dev Diskussion iibev die Atiologie dev multipleif Sklevose 
ist in neuevev Zeit anch die Fvage nacli dev Bedentung dev Tu- 
bevkulose i'iiv die Entstehung dev Kvankheit anfgewovfen vov- 
den. Jin veb Marini rgs mid Loircnstcins Entdeckung von Tubev- 
kelbacillen im Blute eines an nniltiplev Sklevose Evkvankten 
ivuiale die Tubevkulose vein znfiillig in den Yovdevgvnnd cles 
iitiologiscben Besonnemangs geschoben. Spiitev gliiekte es La- 
ivensiein hei 17 von 40 Fiillen nmltiplev Sklevose Tubevlcelba- 
cillen ini Bint aulzuzeigen. 

Bald fa ml man jedoeb, dass TuberkelbaciUfimfe bei mehveren 
vevsebiedenen Kvankheitszustanden vovkommeu konnte, so aneb 
bei den vevsehiedensten Aerven- nnd Geisteskrankheiten. Den 
spovadischen Funden von Tubevkelbacillen im Bint von Patien- 
ten mit nmltiplev Sklevose bat daliev keiue atiologisclie Bedeu- 
tung zugemessen vevden kdnnen. 

Tvot/alem ivollte man den Gedanken eines iitiologiscben Zu- 
sammenhanges zwiselten den benlen Kvanklieiten niclit fallen 
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lassen. So nimmt Fried ingcr nach wie vor an, class es einen Zu- 
sammenhang zwischen Tuberknlose — clabei anch Serofnlose 
gibt. Die gleiclie Ansiclit wire! von Ahringsmann- verfochten, dec 
in mehreren Arbeiten eine Theorie voiiegte, class die multiple 
Sklerose eine Form der Meta tuberknlose im Centralnervensvs- 
tem sein cliirfte. Er zielit auf solehe Weise Parallelen zwischen 
der multiplen Sklerose und den metalnetiscben Y eranderungen 
im Xervensystem. Seine Theorie ist auf starken Widerstaml ge- 
stossen und er verteidigt sic da her in einer 103S lierausgekonv 
menen Arbeit. In ihr setzt er die Frequenzerhohung der mul- 
tiplen Sklerose in Zusammenliang mit der Tatsacbe, class die 
Tuberkul osemorbiclitet nach dem evsten Weltkvieg und in den 
daraufi'olgenden .Tahren ganz besonders zunahm. Wenn man fur 
das Entstehen von Metakrankheiten ein Intervall von ca. 10 
Jahren bereehnet, muss man — sag! Ah rings maim — also die 
Zahl der Fallc von multipier Sklerose nach etwa. 102S erhblit 
bekommen. Das ist aucli geschehen. Die greisste Liicke seiner 
Theorie erbliekt er selbst darin, class es bisher wedev ihm nocli 
anderen gelungen ist Tnberkelbacillen*in diesen metatuberku- 
losen Yeranderungen nachzuweisen. 

Die Angaben, die liber das Verhaltnis zwisclien Tuberknlose 
und multi])ler Sklerose erhalten werden konnen, sind wenig 
zahlreich und die Ansichten gehem auseinander und stehen sicli 
gegenuber. Daher ist es nicht einfach an das Cent rale des Pro- 
blems zu konimen. Fur eine derartige Fntcrsuchung eignet sicli 
mein Material auch nicht. Das einzige, was im vorliegende Ma- 
terial zu beurteilen moglich ist, ist das Yorkoimnen der Tuber- 
knlose bei den Patient on selbst und innerhalh eleven Familie. 
Aber diese Details ffihven nns nicht ziim Kernpnnkt des Pro- 
blems. Dennoeh ist es moglich, class aus ilinen ein Toil wert- 
voller Anhaltpunkte gewonnen werden konnen, die die Frage 
der Bedcutung dev Tuberknlose bei Erforsehnng der multiplen 
Sklerose belenchten, 

Sowcit dies moglich, ist mein Material auf familjjires Yor- 
kommen von Tuberknlose hin untersucht. In dem Fragebogen. 
der an siimtliclic Patienten herausgesand wurde, wire! das Yor- 
kommen von Tuberknlose, sowolil bei den Patienten selbst 
(Lungen tuberknlose, Pleuritis, Erythema nodosum, Scrofulose), 



d5e S leidie clem Lande, W ie 
m / * J * 1,,ch vaniert llire Frequenz flip die versehiedeuen 
ei e d es Landes. Bin Material, das auf die geograpliiscli-patho- 
° 8 f 1SC 1GU ^ erhaltnisse Kiieksieht n burnt, wurde von Vddstromer 
aulgestellt. Er untersuclite das familjare Vorkommen der Tu- 
berkulose Lei Sehulkimlern teils in Stockholm, teils in einigen 
Oct cinder Bezirke Kalmar mid Giivleborg. Sein Material um- 
fasst 700 Fade, fur die er eine familjare Belastnng mit Tuber* 
kulo.se von 29 % findet. Die Angaben, die Vddstromer hinsiclit- 
li.eh der Hereditiit erhielt, umfassen dieselben Familiengrup- 
])en, die ich in meine Tabellen anfnahm. Verglichen mit diesem 
Malerial gesunder Individuen mid deren Yerhaltuis zur Tuber- 
kulose, zeigt mein Material nach jeder Richtung keine irgend- 


wie erholite familjare Belastnng fur Tuberkulose. Die normale 
Variation liegt liier zwischen 17 — 29 % and die Frequenz mei- 
nes Materials bleibt ja untev 20 %. Zur Erkliirung meiner nied- 
l'igen Ziffer mbclite icb darauf himveisen, dass meine Patten* 
ten in gvossereiu Ausmass vom Lande stammen and dass es 
sicli aassenlem gezeigt hat, dass die multiple Sklerose in den 
Bezirken nieht so gewblmlich ist, in denen Tuberkulose am 
hitnfigsten vorkomnvt. Auf diese Saclilage werde ich in einem 


spiiteren Kapitel nocli znriickkommen. 


' Zusammknfassuxg: ,4m dcr Vntcrsudiung geld hervor , dass 
sicli bci den Paticntcn mit multipler Sklerose lccinc crhdhte fa- 
mUjiirc Belastnng mit Tuberkulose findet. Audi sirnl diese Pa- 
tienien selbst nieht in grosscrcm Ausmass der Erkrankung an 
1:1 ini sell manifest ierbarcr Tuberkulose ausgesetd. 


f) Bauer vnd Sterblidikcit. 

Yon den 1305 Fallen des Materials shid nacli den Angaben, 
die ich von den Fatienten evlialten konute, muunehr 339 ver- 
storben. d. h. nahezn 25 %. Ich babe in meiner Statistik der 
Mortal it 8t alle angegebenen Toten berucksichtigt. Gewolinlich 
verst irbt ein Patient mit multipler Sklerose nieht nnmittelbar 
an der multiplen Sklerose als solcher sondern an irgend emei 
komplieieremlen Krankheit. Es war unmoglich exakter die a- 
tienien, die an multipler Sklerose verstorben smd, von denen 
sn trennen, die an irgend einer interkurrenten Krankheit star-, 
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ben. Daber war ich gezwungen bei tier Beliaiidlmig tier Frage 
der Mortalitat tier multiplen Sklerose samtliche Toten zu be- 
riicksiclitigen. In 15 Fallen war die Todesursaclie als Kompli- 
kation der multiplen Sklerose etwas ungewohnliclier, niimlich in 
5 Fallen Herzkrankheit, in 4 Fallen Einbolien, davon in 2 Fal- 
len nacli Partus, in 3 Fallen Cancer nnd in jeweilig einem Fall 
Uramie, Tnberknlose niul aknte Polyarthritis. 

Fie hauptsaehliehe Korrespondenz mit den Patienten war. 
bereits uni 193S abgesclilossen. Kach diesem Zeitpunkt sind nur 
noelv Konipletierungen ausgefulirt worden. Mit der iiberwie- 
genden Mebrzabl der Patienten bin ich also bis 393S in Ivontakt 
geblieben, nacli dieser Zeit. nur mit einigen Plunder!. Feslialb 
warden die nieisten Angaben iiber Tote fin* die Zeit von 1925 — 
3937 erlialten. Sicberlieh sind seit dieser Zeit cine nicht gerin- 
ge Anzahl von Patienten mil niultipler Sklerose dariiber liinaus 
verstorben and die angegebene Ziffer von 339 diirl'te in Wirk- 
lielikeit bedeutend grosser sein. 


Tabello IS. Anzahl <ler Patienten mit niultipler Sklerose, die wiihreml 
der Jnhre 10215— 19.3G verstarben. 


• 1925;1920jl927!l92Sjl929 | l930;193i;i932!1933 1934 ( 1935|193r> summe 

Frauen J 4 

EE 

lo| 12 8 21 

21 15 20 20 j 21 

107 

Mtiuner ) 2 

4 1 4 

7| 8 11; 13 14, 20j 11 13, 17 

124 

Suiniiic 0| 14 9j 17; 20 19' 34 

35, 35! 31 j 33 38 291 


Aas Tabelle IS kan a man entnelinien, wie etwa seit 3931 die 
Zalil der Toten sich jahrlich am angefabr 34 — 38 bewegt. In 
den fraheren Jaliren ist die Mortalitat niedriger. Fies Verlialt- 
nis stebt natiirlicli ini Zasanunenhang mit der Fauer der Krank- 
heit, die in nieinem Material, die ich weiter anten aasfiibren 
werde, in Mittel bei angefabr 9 Jaliren liegt. Knell deni vorlie- 
geiulen Material za arteilea, versterben also jahvlich etwa 35 
Personen mit niultipler Sklerose. 

Im Zasammenbang mil; der Mortalitat babe ich die Frage 
nacli der Fauer der Krankheit behandclt. Fie multiple Sklerose 
fultrt ja f riilier odor spiiter slots zum Tode mid dalier entspriebt 
die Fauer der Krankheit der Zeit vom Begimi der Erkrankung 
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«» » deneit «? «**<■ 

Kranfcbeit d„ s Men des Pntieu,e™ TdT - 
nwgl.che,, Genanigkeit babe id, bei ,„oi„e,a ‘^TalT?' 

liankungsalter versuclit zu bestimmen "' 

Die Berecbming der Deration ist mil den .deieben 
quellen belastet, trie die Bestimnmng der Mortality ,, ' m 
*? * Datienten an einer Lank^^Te • 
bonne,,, d,e in keiner Weise n,it ihrer multiple,, Sklerose zu 

Urn hatte. Dennocl, diirtte die Anzahl dieser Patient™ germ- 
sem. 61 ' s 


Die Daner konnte in 2S5 Pullen bereclmet iverden. Bei diesen 
konnte das Erkrankungsalter einigerniassen mit Sieherheit be- 
stinnnt iverden. 


Ta belle ID. Paner der niulfiplen SMerosc bei versebiedeiiem ErkraiiU- 
ungsaUer in Jaliren ausgedriiekt. 


Erkrankungsalter 

Anzahl der 
Fdlle 

Dauer naeh 
Jahren 

Mittcl- 

zalilon 

M 

8 

c(M> 

minde- 

stens 

hoch- 

stens 

10-14 


1 

29 

9,9 

±3,6 

±0,9 

15-19 


1 

41 

10,7 

±3,7 

±0,7 

20-24 


3 

39 

13,0 

±0.1 

±0,oi 

25-29 

55 ' 


36 

9,2 

±1,4 

±0,2 

30-34 

42 

1 

31 

9,5 

±2.7 

± 0,4 

35-39 

31 

1 

25 

87 

±1.6 

±0,3- 

40-44 

30 

1 

17 

7,3 

±1,9 

±0,3 

45—49 

12 

1 

23 

8,1 

±2,7 

±0,s 

50-54 

15 

1 

16 

7,7 

±1,0 

±0,3 

55-59 

5 

1 

8 

5,6 

±0,8 

±04 

S u in m e 

285 [ 

1 

1 

9,2 

±4,1 

±0,2 


Aus der Tabelle 19 kann man entnehmen, dass die multiple 
Sklerose im Mittel sick iiber eine Zeitspanne von 9 Jaliren er- 
streckt, aber aucli, dass sie in extremen Fiillen innerlialb eines 
Jabres zum Tode fuliren kann, Oder bis an 41 Jabre heranreicht. 
Ein auffallenderer Unterscdiied der Dauer im Verlniltnis zum 
Erkrankungsalter kann nicht anfgezeigt iverden. 


SO 




Die Daner der imiltiplen Sklerose wird von den verscliiedenen 
Forschern reelit verschieden angegeben. Marburg, der durcli 
Zell maun die Dauer der imiltiplen Sklerose in 50 Fallen unter- 
suchen liess, konnnt zu deni Scliluss, dass die gewolmliche Dau- 
er 2 — 4 Jalire betragt, dass jedoch vereinzelte Individnen nach 
deni Beginn der Ivrankbeit bis zn 30 — 35 Jaliren ieben konnten. 
Brain teilt eine Dnrationsvariation von einigen llonaten bis zu 
30 Jaliren mit und Bramwcll gibt fiir 30 Fiille mit totlicliem 
Ausgang eine Mittelzahl von S Jaliren. D rob ties , der 114 Ba- 
lienten mit imiltipler Sklerose naclmntersuchte, ivovon 46 ver- 
storben,’ bezeiebnet die Durebsclmittsdauer mit 12,5 Jaliren. 

Zusamm kxfassuxc; : Die Mortal it fit des unicrsuehtcn Mate- 
rials bciriigt 25 r / ( , was etwa 35 Personal jahrlich betriigt . Die 
Dauer der KranJchcit ist mil 9 Jaliren im }fi11el bercchncf 
worden. 


c 

SI 



3- Kapitel. 

Das geographische Vofkommen. 

1. E ml citiing. Multiple morose in- don Stddten mid auf 

dcm Lande. 


mul ih ~ f , t 18 Vo, ' kommen dCT m »l«plen Sklerose 
. A T ’ f " ,lg I " nerh " lb Sd "™k”s verfiige id, fiber 

^Go I a]le. In (len yoihei-gehenden Kapiteln l.nbe idi dieses Ma- 
tennl euigehend bescl.rieben raid die Mangel anfgezcigt, die eb 
ncm solclien Material unzAveifelhaft anhaften. Die grossten 
c iaa ierigkeiten beim Erhalten eines guten und nmvendbaren 
Materials von multiplen Sklerosefiillen waren die richtige Stel- 
Inng der Diagnose und die Bestimmung des Beginns der Krank- 
beit. Liegt es docli in der is T atur der multiplen Sklerose, dass 
man oft erst nach langjahriger Verfolgung der Kranklieit und 
ilnei Entv ickelung zu einer einigermassen sicheren Diagnose ge- 
langt, und der Zeitpunkt des Beginns der Erkrankung ist kei- 
nesAvegs immer so ausgepragt, dass er mit Sicherheit Avalirge- 
nonnnen AA 7 ird. Uni diese Mangel soAA'eit AA T ie mbglicli ausznglei- 
clien, liabe icli, Avie oben eingehend beschrieben Avorden ist, durcli 
einen ScliriftAvechsel mit den Patienten die Piuikte nocli Aveiter 
zu kliiren A r ersuclit, die liier a t oh Interesse sein kbiiuen. Gerade 
die oben letztgenannte ScliAAderigkeit, die Bestimmung des ge- 
nauen Zeitpunktes des Erkrankens, ist erklarliclienveise von 
giosser ‘Wielitigkeit, Avenn es sick darum liandelt, die Kranken 


•an verschiedenen Stellen des Landes zu lokalisieren, denn die 
EtanJcen sind immer an diejenige Ort lolcalisiert geworden, wo 
sie wah rscheinli clienoeise an Hirer multiplen Sklerose erkrunk- 
ten. Auf Grand des SchriftAveclisels liat sick die Anzakl der Dalle 
von multipier Sklerose, die innerhalb des Landgebiets lolcalisiert 
weiden konnen, etAA r as verringert. Es stellte sick niimlick heraus, 
dass in 23 Fallen die Patienten im Auslande erkrankt Avaren und 
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daher natiirlieh niclit in die geographiscke Lokalisievung aufge- 
nommen Averden konnten. 13 diesei* Falle Avaren in den USA, 2 
in Ivanada, 2 in Finnland nnd AorAvegen nnd je 1 in Diinemark, 
Deutschland, England nnd Holland erkrankt. 

Ein Aveiterer Faktor, dev daviibev hinaus das Material redu- 
cierte, AA'ar, dass die Patienten in 36 Fallen keine ivgendAA ie ge- 
avtete feste AYolinung batten, sondevn mit nur knrzem Aufent- 
halt A*on ehiem znm anderen Platz zogen — ein oder zAvei J alive 
betrug ini Durclischnitt die Sesshaftigke.it odev, a\ ie in einei 
kleinen Zalil von Fallen, iiberhaupt einer festen "Wohnungsan- 
schvift ermangelteu. 

Sonacli gehen von den 1363 Fallen 23 ab, die ausser Landes er- 
krankten, und 36, die niclit siclier lokalisiert Avevden konnen, 
and es verbleiben fiir die geographiscke Lokalisation meines Ma- 
terials an niultiplen Sklerosefiillen 1306 Falle. 

Yon diesen 1306 Fallen Avaren 392 (30 %) in Stiidten ansiis- 
sig und 914 (70 % + 1,3) anf deni Lande. 1931 Avaren in ScliAve- 
den 2 034 353 (33 % ) Individuen in Stiidten ansiissig und 4 12S 093 
(67 % + 0-0-) auf dera Lande. Die Ziffern geben zAA'ar ein uu- 
bedeutendes tibevgeAviclit dev LandbeAvohner an, das dock ge- 
vingfiigig und niclit statistisck feststellbar ist. (e(D) — 3 + 
1,265). 



Einwolmer- 

zahl 

Anznhl der 
Falle von 
multipler 
Sltlerose 

Frequenz 
pro 10 000 
Eiirwohner 

Uurchgclinitt- 
licher Fehier lur 
tlie l^requenz 

1 

2 034 353 

392 

1.92 

+ 0,0 95 

mm 

4 128 095 

1 

914 

2,21 

± 0,072 


In dev Littevatuv findet man angegeben, dass die multiple 
Sklevose etwas haufiger in den Stiidten vovkommen soil, als auf 
dem Lande. Solcke Angaben machen Davenport , Koch und Brain. 
Koch maelit allerdings davauf aufnievksam, dass, aucli Avenn die 
Fvequenz in den Stiidten proportional grosser naive, dock die 
gvossere Melirzalil dev Patienten mit multipler Sklevose auf dem 
Lande geboren seien. Steiner , der diese Vevhiiltnisse ebenfalls 
erfovsekt hat, meint, dass das UbergeAviclit auf seiten der Stadt- 


CO 







tevolkenmg so gering ware, class es olme Becle.it, m a sei m „, 
iiscliemlicli nur dadurch beclingt ware, class die Stacltbcv.il 
keiamg es leichta babe ein Krankcnkam antasnchen als die 
Lanclbevcilkercmg. Heine TJnterenchnng hat ein etnas abwei- 
c lendes Resultat gezeitigt, indein sich ein unbedeutendes tfber- 
gewiclit der Landbevolkerung ergibt. Sie stimrnt aber einiger- 
massen mit Kochs Auslassung iiberein, dass die MehrzahL der 
Patienten mit multipier Sklerose auf dem Lande geboren sind. 

\on den 914 auf dem Lande ansiissigen Patienten Avaren 761 
inunev oder znmindes mehr ais 10 Jahre vor Ausbruch der 
Ivraukheit an der Stelle ansiissig geAvesen, ayo sie erkrankten, 
Avas einem Prozentsatz von S3 % entspriclit. Dieselbe Ziffer fiir 
•die Stiidter betriigt 240 Patienten oder 61 %. Die an den ver- 


schiedenen Pliitzen lokalisierten Personen haben also in stark- 
■stem Masse so gut Avie standig bereits an dem Platz geAVohnt, 
•den sie beAvolmten, als sie von der Krankheit befallen Avurden. 

Ein eingelienderes Studium des Terhiiltnisses zAvisclien einge- 
borenen und zugezogenen Kranken zeigt folgendes Bild: IVenn 
man das Yerhaltnis zAvisclien eingeborenen und zugezogenen fur 
die nomale Bevolkerung berechnet, erhalt man fiir die Stadt 
■0,745 und fiir das Land 1,365. Yon den 392 Patienten, die in 
.Stiidten Avolinten und den 914, die auf dem Lande Avolmten, bat- 
ten 179 bezAV. 005 immer auf demselben Platz gewolmt, avo sie 


mi ilirer inultiplen Sklerose erkrankten. Es verblieben also 213 
bezAv. 309 zusammcn 522 Falle. Bei 195 dieser Fiille erliielten 
Avir keine AntAvort auf unsere Fragen. Werden diese Fiille ab- 
gerechnet, so evhiilt man fiir die Stiidte 133 und fiir das Land 
261 zugezogene Patienten. Die Relation Eiijgeborene — Zugezo- 
gene betriigt also fiir die Stiidte 179/133 = 1,346 (gegen normal 
0,745) und fiir das Land 605/261 = 2,218 (gegen normal 1,365). 
In beiden Fallen erhiilt man also deutlich liohere Werte als die- 
jenigen sind, die fiir die normale Bevolkerung berechnet wer- 
den. Das is t ja diskutabel, Avenn man, Avie icli es lner getan babe, 
diejenigen abrechnet, die keine AntAvort gaben. Fine niclit ge- 
ringe Zabl von ibnen muss Avoid zu den Zugezogenen gerecbnet 
Averden konnen, denn es liegt ja nalie anzunebmen, dass Pa- 
tienten die icli weder brieflich nock durcli das Pfarramt errei- 
clien lconnte, gerade solche sind, die oft ihren Aufentbaltsort 
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Aveeliseln. Die gauze Auzalil Patienten ist aber nicht sogioss, 
,j ass dies in hoherem Grad das Ergebnis andern kanu. 

Ivgeudein auffallander Unterscliied zwisclien den Yerhaltnis- 
sen anf dem Lande and in den Stiidten tritt in diesem Material 
niclit in Ersclieinnng. 

Beitragend zu diesem Ubergewiebt, bei den Einheimischen an 
multipler Sklerose zu erkranken, erselieint mil*, dass die Pa- 
tienten zuin grdssten Teil in einem so zeitigen Alter an multi- 
pier Slderose erkrankten, dass irgendein TTegzug vom Heimats- 
ort niclit mebr zustande kommt. 

Zusammexpasstjkg; Fiir das Stadium des geographischcn 
Vorkommens dcr multiple)} Sklerose inuerhalb Sclnccdens dis- 
■ponicre ich iiber cin Material von 1306 Fallen von mit dem kli- 
nischen Bild Ubcrcinstimmender multipler Sklerose. Von diesen 
waren 392 in Stiidten anscissig and 91Jf anf dem Lande. Das 
Vcrhiiltnis znischen den in den Stiidten ansiissigen and den 
anf dem Lande nohnenden cntspricht demjenigen fur die nor- 
malc Bcvdlkcrung. Die Krankheit scheint in etnas hoherem 
Grad die scssliaftc Bevolkemng zu treffen. 

2. Die karthographische Erfassung und ih re Methodc. 

Die absolute Yerteiliuig tier Flille mit multipler Sklerose — 
festgestellt, indem jeder einzelne Fall auf dem entspreebenden 
Platz, ayo er erkrankte, eingepunktet wurde — zeigt, dass die 
multiple Sklerose im grossen geselien iiber das gauze Land ver- 
teilt Yorkommt. Auf der Karte der Figur 4 liabe ich so gut, wie 
dies sicb machen liess, auf einer Umrisskarte die Yerscliiedenen 
Falle dergestalt eingetragen, dass jeder Punkt einen Patienten 
bedeutet. Die Karte erfasst allerdings nur die 914 Falle, die 
auf dem Lande erkrankt sind. 

In Figur 5 wird eine Karte fiber die BeYolkerungsdiclite in 
Scbweden gegeben. Es zeigt sicb unzAYeifelbaft eine geivisse 
Ubereinstimmung zAYisclien grdsserer BeYolkerungsdiclite und 
einer erliobten Anzahl von Fallen mit multipler Sklerose an 
vielen Stellen. 

Sonacli findet man im Allgemeinen zablreicbe Fiille inner- 
balb der Yolkreicben Gebiete. Dock scheint die Anzahl der Fiille 
inuerhalb der relativ Yolkreicben Bezirke Sodermanland und 
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1. Stockholm 13. Gotckorg mnl Bolnis 


2. Uppsala 
S. Sodcrmanland 
J/. list crgotlan (1 
5. Jonkoping 
G. Kronohcrg 

7. Kalmar 

8. Gotland 

9. Blckingc 

10. Kristianstad 

11. Malm pints 
22. Holland 


Hi. JUvskorg 

15. Skarakorg 

16. Tiinnland 

17. Orckro 

IS. Viistmanland 

19. Kopparkcrg 

20. Gavlckorg 

21. Yiistcrnorrland 

22. Jamiland 

23. Yastcrkottcn 
2J,. Korrkottcn 
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Die Frequenzzablen and ihve Yariationen siud nielit so bedeutend. Man 
fragt sieli deswegen, ob man in die erlialtene Frequeuzkarte grdssere Ga- 
biete auffinden kann, die miteiuander vergleiehen statistiseli siehere Fre- 
quenzvcrschiedonheiten aufweisen. In Figuv S babe ich auf die Frequenz- 
Icarte zwei verscliiedene Gebiete mit ungefiilir demselben Einwohnerzahl 
eingezeielmet, (die Stiidten nieht mitgereehnet), das eine mit grdssere): 
Frequenz, den Bezirlc Upsala und kleiuere Teile tier Bezirke Stockholm 
und Viistmanland Wmfassend (A), das andeve grb'sstenteils die Bezirke 
Stockholm und SOderina aland mnfassend (B). 


Gebiet 

Seine Ein- 
vobnerznhl 

AnzaJil Fitlle 
multipier 
Sklerose 

Frequenz 

0/000 

Durehschnitt- 
llcher Fehler 
fiir die 
Frequenz 

A 

220 618 

8S 

3 9SS 

+ 0,425 

B 

225 083 

22 

0,977 

± 0,131 


Fignr S. 



schiedenheit? Dm^DurcqKeLbNG^ ausreiebende Frequcnzvor- 

.ahlen ist 8.011 ± St d ** ^uonz- 

In c?ei' Figur 9 ist die Frequenz dor multiplen Sklerose in den 
S adten emgezeichuet. Im gvossen und gnuzen cntRpriclit die 
leqnenz ni deu S tndten derjenigen auf deni Lande. 
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Blicken wii* auf die Karte dei* Figur 9, auf der mu- Stiidte 
mit 10 000 Eimvohnern mid dariiber beriicksichtigt sind — die 
Frequenz in den Ivleinstadten mit ihren vereinzelten Fallen 
konnte mu* irreftikrend sein — , konnen ivir mindestens so viel 
sagen, dass die Stiidte mit kolierer Freqnenz sicli siimtlick inner- 
lialb dei* freqnenzstarken Gebiete befinden. Es ergibt sick also 
eine tibereinstinimung zwiscken der Krankenkeitsfrequeiiz in 
den Stiidten nnd derjenigen anf dem Laiule. 



Figur 0. Die nnd 

im '« -wia/nc/ici. ■ htaau u a (rc cMs). 

in Stiidten mit mehr aH K) uuu 
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In dev Kavte dev Figuv 11 ha be ich vevsucht das Yovkommen 
dev multiplen Sklevose innevhalb des Landes zu geneva! isieven. 
Dabei babe ich inicli nuv zAveiev Fvequenzbezeichnungen bedient, 
namlich einev fin* veiehliches und einev fiiv gevinges Vorkoin- 
xnen. 



Fignr 10. 


In dev Kavte dev b iguv 10 babe ich die Gvcnzen zAvischen deji 
vev.schiedenen Fvcquenzbezivken eingezeiclmet. Die Grenzen 
AAurden teils ans dev Kavte dev Kegievungsbezivke enlnonimen, 
teils ans dev Punkt kavte nnd schliesslich noch anf Gvnnd des 
Stud aims tibev das Krankheitsvovkoinmcn innevhalb dev klein- 





Fignr 33. 0 bcrsich tslzartc ties Vorkommcn tier mulliplcn Sklcroxc, Itei tier 
miter Benutzung tier vorangrgangenen sgceicUen Karlen ilir. 
J'rcqncnz tier Krunkheit in tint cinzrlncn Bezirken uiul BtiidUn 
gcncralisicrl wttrtlc. 



ftten Yevii’altungxeinheiten — dev Kivchspiele. Es sclieint mil 
fibevfliissig diese Kavte in mebreve Fveguenzen aufzuteilen, Aveil 
ja eimnal die Zalil dev Fftlle. die lokalisievt Avuvdcn veebt ge- 
iimr ist , zum anderen abev aueh dev L ntevsehied ZAvischen veicb- 
licber nnd gevingev Fvcquenz so nnbedenlend ist. dass sieb eine 
Aufteilnng nieht lobnen Avurde. 

Was die Yevieilung dev versebiedenen Kvankheitstypen an- 
geht. so raoebte ieb lediglk-h davanf liinAveisen, dass die klas- 
sisclien Fi'ille, die 5 % des ganzen Materials ansinaclien (GS Fal- 
le), keine specielle Lokalisievung anfAveisen. Ich babe gevade 
diese Tntsache xnit einev goAvissen Absicht bevausgelioben, Aveil 
es ja denkbav ware, dass die Diagnose multiple Sklevose in be- 
stimmten Kvankenbausevn lediglich auf die klassiscben Fillle 
angeAvandt Avovden Aviive. Avas sieb jedoeb als nielit zutreffend 
evAviesen bat. Ivlassiscbe Fa He A’on mulfiplev Sklevose Avuvden 
in etAva gleicliem Ausmass in alien Kvankenbausevn angetrof- 
fen. Dabev baben sie aueh keine specielle geogvapbisebe Loka- 
lisation gezeigt. 


3. Aiistccrfiing des Ergebnisses dev Karlen iiber das 

Vorlcommcn. 

Auf Grand der Ergebnisse meinev Untevsuclmng muss als 
feststehend angenommen Avovden, dass die multiple Sklevose 
niebt in alien Teilen des Landes gleicliinjissig vovkommt, son- 
devn innevlialb bestimmter Gvenzen vaviiert. Man fragt sich, 
Avorauf diese Frequenzvevscliiedenheit bevubt ; vevanlassen zu- 
liillige Faktoren sie oder bat die multiple Sklevose ein specielles 
geogvapbisches Yovkommeu ? 

Zunaehst moclite ich evneut davauf himveisen, dass jedev Fall, 
dev iu die Jahvesbevichte dev Kgl. MedizinalverAvaltung aufge- 
nommen AA r evden Ava r, x’on niiv nach den gleicben Pvinzipien stu- 
dievt and beuvteilt Avuvde. In diesev Hinsicbt ist das Material 
also gleichnnissig. 

Ein Umstand, von dem angenommen A\*evden kdnnte, dass er 
zu dev versebiedenen Ivvanklieitsfvequenz dev einzelnen Pliitze 



be.getrageu lmtte, konnte davin gesehen werden, das die Be 
o veiling moghcherweise innerhalb bcstimmter Bezivke iutoH 
starkevee allgemeiner Morbiditat dieser Gegenden haufiger 
Kiankenhans nufsiieht ate dies in anderen Bezirken der H 
f - m 7 C1 ' frthere ” Untersuchmig liber das V 01 . ko , nme „ 

der Tl.yreotox.kose ist.diese Frage eingehend stmliert .vorden 
imd festgestellt .vorden, dass die BevOlkernng i„ den Versehie- 
denen Gegenden nngefahr in gleiehem Ansmass die Kranken- 
lniuser aufsucht. 


Em anderer Faktoi* von Bedeutung ist die Wolmungslage des 
Patienten im Yerluiltnis zu derjenigen des Krankenhauses. Es 
wiire moglich, dass man eine reiclilichere Yerteilung der Krank- 
iieit im Umkreis der Ivrankenluuiser, Eisenbalmen mid grbsse- 
ren Landsvege feststellte, veil die klinische Beliandlmig liier 
fiir den Patienten evleichtevt ist. Iek iiabe eine so gear tete Yer- 
teilung nielit gefnnden. 

- Schliesslich muss void auch nodi die Miigliclikeit beliandelt 
verden, dass ein Teil der Krankenliausiirzte, die ueurologiscli 
ausgebildet oder iuteressiert sincl, ein umfangreiclieres Mate- 
rial von multipler Sklerose zusammengebraclit baben viirden, 

■ so dass ans diesem Grunde die Kranklieitsfrequenz innerhalb 
verscliiedener Bezirke entsprecbend Kundscliaft mid Interesse 
fiir die Ivrankheit gevecliselt lialien diirfte. Ein soldier Gedan- 
de liegt nalie, denn es liandelt sidi ja nm eine Kervenkranklieit 
— ‘Venn auch eine der lniufigsten — mid die Diagnose ist nielit 
selten schver. Als ich zum ersten Mai meine Karte iiber das Yor- 
kommen der Ivrankheit offentlich vorlegte, vurde mir ein sol- 
dier E imvand entgegengelialten, unci ich hielt es deshalb fiir er- 
forderlich, diese Felilerquelle im Intresse der Homogenitiit des 
Materials etvas eixigeliender zu iiberpriifen. 

Eine Specialklinik fur Nervenkranke findet sicli nur in Stock- 
holm und bereits hier kann man selien, dass dies olme Emfluss 
auf die Kranklieitsfrequenz ist, denn sie ist gerade in Stock- 
holm geriug und auch in dem grosseren Teil des Stockholmer 
Begierungsbezirkes nielit gross. Ausser der Specialklinik n 
Stockholm vurden valirend meiner Untersuchungszeit zmmn- 
dest zvei neurologisch ausgebildete Chefarzte in Stocklio m 
und einer in Mdrby festgestellt. 
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Iii Upsala besteht ein Specialinteresse fur Keurologie an der 
dortigen medizinischen Klinik und die dort vorliegende erholite 
Frequent der Fiille konnte moglichenveise dadnrch verursacht 
sein. Allerdings muss darauf liiugewiesen werden, dass ein gan- 
ger Teil der Fiille aus dem Upsalagebiet niclit von den Kliniken 
in Upsala geliefert warden, sender aus den Stockholmer Kran- 
kenliiiusern und in vereinzelten Fallen aus ViisterAs and Gavle 
kamen. 

Specialinteresse fur Keurologie muss aber aucli in Lund und 
Goteborg uiul seinen Kliniken angenominen werden. Ini Gebiet 
urn Lund ist demgegenuber die Frequenz niclit auffalleiul liocb, 
innerhalb der Goteborg umspannenden Gebiete ist sie dagegen 
klein und ebenso innerhalb der Stadt. Goteborg. Bie moisten 
Fiille von niultipler Sklerose, die sich ini vastgotisclien Gebiet 
lokalisieren slammen aus den Krankenliiuisern der Stiulte in 
den Bezirken Alvsborg und Skaraborg. In den Krankenliiiusern, 
wovon die moisten Fiille koinmen, gibt es keine special ausge- 
bildeten Xeurologen. Seit 1931 wild die medizinisclie Klinik in 
Bonis von cinem neurologiseli orient ierten Chefarzt geleitet. 
ISTacli der Tabelle 1 bekommt man den Eindruck, dass etwu von 
1930 ab eine Erhbhung der Fiille in Borhs Platz greift. Bei nii- 
herer Analyse stellt man jedocli fest. dass melir als 50 % der 
wiihreiul dieser Zeit beliandelten Fiille, ein oder mehrere'Male 
im selben Krankenliaus oder in einem oder mehveren Kranken- 
liiiusern behandelt warden. 

Lin frequenzstarkes Gebiet findet man anch mn Umea und 
SkellefteA. In Umeft war 1925 — 1931 ein neurologiseli orienticr- 
ter Chefarzt: an der medizinischen Kliknik. Man kann jedocli 
nacli seinem IVeggang keine zuverliissige Verniinderung der 
Fiille von multipier Sklerose feststellen. Ich will aucli darauf 
hinweisen, dass die Anzahl der Fiille von Skellefteils bedenteml 
kleineren Ivrankenhaus proportional ziemlieh gross ist. Auf- 
fallend ist aitch, dass das Material aus Uinch in selir grosseni 
Uinfang aus Fiillen besteht, die zwei oder mehrmals im Kran- 
kenhaus (naliezn 70 %) behandelt wurden und dass dalier die 
Zablenwerte, die in der Tabelle 1 erscheinen bedcntencl grosser 
sind als die Anzalil dor Fiille in Wirkliclikoit. 
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Es sckeint mb' also lei mil ever JErfonchung dev Ycrhiihnh . 
f S ° b "' 0 AmWchmg Oder cm M,l llq ch m , a ft 

JTT d ?‘ emn< °™ heinem Lwlnlcn 

G) ad a nf d,e Frequent tier multiple Sklerose innerhalb d cr 
vcrschiedenen, Gcliefc eingewirkt hat. 


Als Kontrolle fur die erhaltenen Karten babe ieh einen Fra- 
gebogeii an samtliclie Provinzarzte des Landes versand mul de- 
ren Ansicbt liber das Vorkoromen der multiplen Sklerose er- 
fragt. Dem Fragebogen ivimle ungefahr die in Figur 6 wieder- 
gebogen an samtlicbe Provinzarzte des Landes versandt mid de- 


3. Findet sicb innerhalb Hires Distriktes multiple Sklerose? 

2. Wieviele Fiille bebandeln Sie jiihrlicli innerhalb Hires Distrikts? 

3. Bemittieren Sie die Fiille von mnltipler Sklerose, die Sic aufsuclien, 
ins Kranltenliaus? Oder lieliaudeln Sie .sie zu Hause? Wieviele Fiille 
semlen Sie jiilirlieli anf diese Weise ins Krankenhans? 

4. Wicviol Eimvohner hat Ilir Distrilct? 

r>. Entspriclit die beigefeigte Kartenskizze ungefiilir dem Frequenzver- 
liUltnis, das Sie sicli innerhalb Ihres Distriktes erwarten? Oder wi- 
derspriclit sie Hirer Anffassung iiber das Vorkommen der Kranklieit 
mid we nn ja, in weleher Bezielning? 

0. Welclie Prinzipfen sincl massgebend far Hire Diagnose der multiplen 
Sklerose? 


In einer Einleitimg zu diesern Fragebogen wurde mitgeteilt, 
Avelclies Ziel die Untersuclmng babe, Avie das Material einge- 
sammelt wurde, Avie es sortiert Avorden ist mid ant Avelcbe Weise 
die Ivarte zustande kam. AntAvort kam von 305 der 361 Distrik- 
te, also von 85 %. Unter den 59 Distrikten, von denen keine An- 
gaben kamen, befanden sicli 26 Stiidte mit grosserer Bevblke- 
rnngszabl. Dorthin liatte icli das Frageformular niclit versand, 
Aveil in diesen Stadten aller Voranssiclit naeli melirere Arzte 
praktizieren unci desbalb die Angaben der Provinzarzte von kei- 
ner grdsseren Bedeutung sein konuten. Desbalb kann man sa- 
gen, class nahezu von alien Provinzarztebezirken auf clem Lande 


Antumi't einging (90 %). _ ___ . 

Aus den AntAVorten ging bervor, class in 9o % der ' a e i 
Provinzarzte die als multiple Sklerose erkannten oder verdacli- 
tigen Fiille an Krankenluiuser tibei-Aviesen, um die Diagnos 
verificiert zu erlialten. Mur li Provinzarzte geben an, class sie 
ilu-e Patienten zubause beliandelten, olme class diese n gen ei 
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mal im Krankenhaus oufgenommen gewesen Aviiren zuin ZAveck 
der Yerifikation del* Diagnose. 

Ausserdem gelit aus den Antvorten Iiervor, dass schiitzungs- 
Aveise 130—150 Fiille von multipler Sklerose odei* im Verdaclit 
soldier steliende A'on den ProA’inziirzten ins Krankenhaus tiber- 
Aviesen vverden. Das sliimnt mit der Anzahl Fiille, die icli er- 
lialten babe reclit gut iiberein. TVahrend der von mil* untersucli- 
ten zehnjsihrigen Zeitspanne Avurden 1306 Fiille von nmltipler 
Sklerose lievangezogen. Teilt man diese Zalil durcli 10 so erlialt 
man eine Jahresziffer von 130 Fiillen. Eh ist zu merken, dass 
die Angaben der moisten Provinziirzte oft die Yerhiiltnisse ci- 
nes Zeiiranms von 10—20 Jahren nmspannen. 

Scliliesslich gelit aus den AntAVorten hervor, dass in 55 % (in 
16S) Fiillen die Provinzialiivzte die in der Ivarte vermerkte Fre- 
quenz der Krankheit fiir Avalivseheinlieh innerhalb ibres ent- 
spredienden Bezirkes li alien, dass sie ihnen in 14. % der Fiille 
zu lioch erscheint. In 6 % baben sie ein Fragezeicben hinsicht- 
Jidi der Frequenz gemacbt und in 22 % auf die Frequenzfrage 
nicbt geantAvortet. Es erscheint Aerstiindlicb, dass so viele vor 
der Frage der Frequenz Zweil'cl balten. Finer der bestimmend- 
sten Griinde bierfur diirfte darin zu erblicken sein, dass die be- 
(reffenden Provinziirzte nur kuvze Zeit ibren Diensl innerhalb 
dieses Distriktes vevsaben odor vevsehen batten und daber nur 
fiber eine Erfabrung von einem oder einigen Jahren in demsel- 
ben verfugten. 

Die Fiille, in dcncn die Frequenz holier Avar, als die von den 
belreffenden Provinziirzten gemeinte, bediirfen keiner ausfubr- 
Hcliereii Besprechung. Ein ganzer Teil der Paticnlen konnen 
nat firlicb unmittelbar das Krankenhaus aufsueben und so den 
betveffenden Arzten enlgeben. 

Kur in 3 r / f , d. h. in 0 Fallen Avurde die von mil- angegebene 
Frequenz als zu niedrig angeseben. Die bier gemaebten Einviin- 
de sind folgende: 


Brci (lor Pistrikte gelioren zum Bezirk Giivleliorg: 

Der Provinzarzt, des Arbra Distriktes gibt an, dass alio Fiille von inul- 
t filler Sklerose in’s Krnnkenbans iiberfiibrt: worden. Alterdiugs gibt. er 
nicbt an \\ie\iole er nnf sole-lie Atei.se jiihrlicli in’s ICrankenbans ein- 
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abet sagt 1—2 alte Fiille innerhalb des Distriktes zu bclmndem 

Der Proymzarzt ties Bergsji, Distriktes gibt an, class aU e Pattern 
ua . multipler Skleroso in’s krankenliaus iiberfiihrt word en und dass not 
lese B eise 1—2 sene Fiille jiilirlielx eingesandt werden. K ao h seiner 
Ivenutms sollen sicli innerhalb des Distriktes ungefiibr 8 alte FlUo be 
linden. Kaeh einer Revision der Legalisation der Patienten die vor-e 
iiommen wurde, naelidem die den Proviuziirzten zugesandte Karte "o- 
zeiclmet worden war, and die auf einer besseren Kenntnis des lVohnortes 
der Patienten znr Zeit ilirer zafalligen Erkranlcmig bernlite, warden 
mehrere Patienten dicsem Distrilct zugefiibrt, so dass er nun in cine 
1 where Frequenzziffer anfgestiegen ist. 

Fiir den. Distrilct Storvik wird initgeteilt, dass alle Patienten in’s Krnu - 
lcenhaus gesandt werden und dass deren Anzalil etwa 1 Fall jiihrlich 
ausmacken diirfte. Aucb liier warden bei der Revision einige weitere 
Fiille zugefiihrt, so dass die Frequenzziffer jetzt boher iiegt. 

In Ostervala im Bezirlc Yiistmanland gibt der Provinzialarzt eine hii- 
liere Frequenz an. Bei der Revision des Materials konnten nocli einige 
Fiille diesem Bezirlc zugefiihrt werden, weskalb die Frequenz nun libber 
1st. 


Zwei der Distrilcte gelibren zuiu Regierungsbezirk Viirmlnncl: 

Im Mollcom Distrilct lconnte bei der Revision der Loknlisntion der 
Fiille eine Steigeruug der Frequenz in die niichsthbliere Ordnuug vorge- 
nonmien werden. 

Fiir den Distrilct Skonnerud teilt der Provinzarzt mit, dass er in 16 
Jabren 3 Fiille geselien babe. Beriicksiclitigt man die Einwohnerzalil von 
6 500 so will es mir selieinen, dass die angegebene Frequenz ziemlich 
genau der von miv festgestellten entspriebt. 

Aucb im Distrilct Mariestadt im Reg. Bezirlc Skarnborg sollte die Fre- 
quenz zu niedrig seiu. Hier scliickt der Provinzarzt die Patienten nicht 
in's Ivrankenbaus, soiulern beliandelt sie zubause und will 6 Fiille in 5 
Jabren gehabt baben. Icli muss bierzu dnrauf binweisen, dass die Karte, 
die versandt wurde, keine anderen Angaben als diejenigen iiber die I*ie- 
quenz auf dem Lande entkielt. Was die Stadt Mariestadt angeht, so 
lcommt sie sowieso in eine kohere Frequenz als die vorher fiir die Um- 
gebung angegebene. Aber aucb diese lconnte, naelidem bei der Revision 
ein Teil Fiille zugefiibrt werden konnten, erbblit werden. 

Im Julita Distrilct des Reg. Bezirkes Sodermanland wird ein Fall jedes 
dritte Jahr in’s Krankenbaus gesandt und dev Provinzialarzt beliandelt 
alles in allern 5 Fiille von multipier Skleroso. Der Distrilct nmfasst ca. 
S 000 Personen, werden 3 Fiille auf 10 Jalire gereebnet so erreiebt die 
Frequenz nabezu die angegebene. 

Fiir den Distrilct Eringsboda im Reg. Bezirlc Blelcinge teilt der Pro- 
vinzialarzt mit, dass er alle Patienten in’s Krankenliaus sendet und zuar 
jabriieh ungefiihr eiuen Fall. Aucb bier bat eine Revision Falie zuge- 
fiibrt, so dass die Frequenz erhiilit werden lconnte. 
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In 0 diesev 9 Distvikte hat also auf Grand einev Revision eine 
Evliohang Platz gveifen konnen, so dass diese Gebiete nnn mit 
den von den Pvovinzialiivzten gemacliten Angaben bessev fiber- 
einstimmeu. Ieli moelite hievbei davauf hinweisen, dass die Re- 
vision nieht evfolgte anf Grand dev Antwovten dev Pvovinzial- 
a rzte, sondevn davauf bevuhte, dass die zeitvaubende Kovvespon- 
denz mit den Patienten, Pastovaten and Mel deiimten erst in 
letztev Zeit abgescblossen wevden konnte. Die ubvigen Distvikte 
haben so gat vie alle neaentdeckten Falle ins Kvankenliaus ge- 
sand. Dass tvotzdem die Fveqaenz nachhev niclit die gleiebe 
beim Kvankenhausinntevial wnvde, mag davaaf bevnheii, dass 
ein Teil dev iibevwiesenen Materials keine multiple Sklevose 
wav, Es kann abev aach seine Ursa die davin liaben, dass die 
Falle niclit mehv dahin lokalisievt warden, wo sie entdeckt wov- 
den woven, denn die Moglichkeit, dass sie innevhalb eines an- 
deven Distviktes lange vovhev evkvankt waven, besteht ja. 

Es av311 miv seheinen als ob also diese Umfvagc eine veclit gale 
Sliitze fiiv die Riehtigkeit, dev von miv gczeielmeten Kartell, ev- 
bvaclit Iiatto- 

Dev Man gel meinev Unlevsnchnng bin idt miv duvchaus be* 
Avasst. Die Felilevqaellea bei dev Einsainnilung des Materials, 
bei seiner BeurteiUmg, sehliesslieli bei dev Lokalisation dev Pa- 
fienten sind sidier bedeutende gewesen. 

Dornoch xchrint ex mir, dass die Vntersueh mig ergehen hut , 
dux, s' die multiple Sklerosc wait rxch ei illicit due gcieissc. abev 
uicht sehr murkier to geographisehe Yerhrcilung hut , dnxx sie 
also xahlrcichcr iinirrhufh rjcwixxer Bezirke auftritt, weniger 
*( ihheieh inurrhulh nndcrcr mid dass diese Frccjuaiziteglcich - 
hcitcii und Yersehiedenheiten sieh nieht ullein aus reinen Zu - 
fdUigkciten erkUiren lessen. 
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4* Kapitel. 

Das Vorkommen der multiplen Sklerose im Verhaltnis 
zu demjenigen anddrer Krankheiten. 

Die Fehlerquellen beim Zustandekommeu der von mir ge - 
zeichneten Karte iiber das Vorkommen der multiplen Sklerose 
sind, vie icli bereits melirfaeh ausfulirte, vielfache und trotzdem 
wird man zur Zeit eine sicherere Karte niclit erlialten konnen. 
Nacb wie vor wird die Diagnosestellung sclnver seiii. Viele Fiille 
Averden liingerer Zeit unter anderer Diagnose behandelt Averden. 
Die Bestiminung des Kranlrlieitsanfangs wird oft scliwierig sein. 
Moglicberweise wiirde man zu einem besseren Ergebnis gelan- 
gen, Avenn jeder Patient, der jemals in irgend einem Kranken- 
liaus beliandelt wird, aufgesucbt und eingeliend untersuclit wtir- 
de. Ein Unternehmen, das im Hinblick auf die Menge der zu 
Untersuchenden und auf die dazu notwendige Zeit kaum durcli- 
fiihrbar ersclieint. So Avird man sicb also bis auf Aveiteres, Avenn 
man sicli einem tiberblick iiber das Vorkommen der Krankheit 
im Lande verscliaffen will, mit den Metlioden beniigen miissen, 
die icli angeAvand babe, und lediglich die Ergebnisse dieser Un- 
tersucliimgen mit einer geAvissen Reservation ausdeuten. 

Unter Zugrundelegung der von mir gefertigten Karte babe 
icli versuclit, das Vorkommen der multiplen Sklerose aucb im 
Verbaltnis zu anderen Kranklieiten und mit Rucksiclit auf ei- 
nige in der Litteratur bereits friiber diskutierte atiologisclie 
Faktoren genauer zu erforschen. Hierfiir bin icli gendtigt, liaupt- 
stichlicb vergleicliende Kartenstudien durchzufubren, avciI nacb 
meiner Auffassung die Bearbeitung des verscliiedeneu statis- 
tiscben Materials in seinem Verbaltnis zueinander infolge der 
verscliiedenen Bescbaffenbeit dieses Materials nicbt angiingig 
ist. Ausserdem ersclieint mir eine derartige rein statistisclie Be- 
bandlung aucb desbalb nicbt geeignet, Aveil das Material aller 
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dieser Untersuchungen init einer gewissen Reserve aufgenom- 
men werden muss. Icli glaube demgegemiber, dass man Rich mog- 
liclierweise ein recht gates Bild davuber, wie die Binge liegen, 
verschaffen kann, wenn man ledigliclt versehiedene Karlen ver- 
gleichend durehforsclit. 

Das Vorkommen der multiplen Sklerose in ihrem Verbal tnis 
zu anderen Ivranklieiten ist lusher nur wenig erforscht, was 
wohl Iiauptsaehlich darauf zurfiekszufuhren ist-. dass Rich auf 
dem Gebiet der geographischen Pathologic bisher tiberhaupt 
vevlialtnismassig wenige Untersuchungen vorfinden. 


Chorea minor , SStrwna endemic", Thyreoloxivotrfs. 

Davenport land, dass diejenigen Ivranklieiten, die fast die 
gleiche Ausbreitung wie die multiple Sklerose innerhalb der 
USA. batten. Chorea minor. Struma urnl Thy root oxicosc wiiren. 

"Was die Chorea angeht, so ist deren Frequenz sehr viel libber 
als die der multiplen Sklerose uml sie t l it t ouch reichlicher als 
diese in verschiedenen Teilen der USA. auf. Dagegen haben 
beide Krankheiten das gemeinsam. dass sie selten in Ohio ge- 
fumlen werden. 

Eine Untersuehung fiber die Verbreitnng der Chorea in Sehwe- ' 
den gibt es nieht. Yor eiuigen Jahren babe ieb das Vorkommen 
der akuten Polyarthritis innerhalb des Landes wiilirend der 
gleiehen Zeitspanne untersueht. die icli der vorliegenden Ar- 
beit fiber das Vorkomrneii der multiplen Sklerose zugrunde leg- 
fe, uml eine allerdings nur auf die Beriehte an die Kgl. Aledi- 
zinalverwaltung gegriindete Karte fiber die Ausbreitung der 
Polythrit is angefertigt. Ausserdem babe ieb ihre Frequenz fur 
die verschiedenen Regierungsbezirke angegeben. Wie bekannt 
besteht ein nsiherer Zusammanbang zwiseben Chorea uml aku- 
ter Polyarthritis uml es diirfte daber von Interesse sein, das 
Vorkommen der multiplen Sklerose uml das der Polyarthritis 
in "\ ergleieb zu setzen. In figur 12 haben wir die Karte fiber 
das A lift reten der Polyarthritis uml in der Figur daneben das 
regierungsbezirksmassige der multiplen Sklerose. Es bat den 
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Ansclicin, als ob es cine irgemhvie geartete absolute Dberein- 
st illuming zwischen den beiden Kvanklieiten niclit gibt. 

Davenport mid auch Steiner betonen das pavallele Vorkom- 
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Figur 14. (Jcncralisicrtc Yorkommcnskartc tier Tli yrcofoxicosc in Sclncc- 
doi flinch T. SBUstriim: Yorkommm mul Yerbrcitnng dev Thy- 
rcotoxicosc in SeJnraJen, Stockholm, 1035). 
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sie jedoch mil Stvmmi nicht parallel zu laufen. In Schweden 
wurde die Strumaausbreitung von A. T£6jcr erforscht. Seine 
Karte ist in der Figur 13 wiedergegeben. Auf die niiheren Uin- 
stiinde Hirer Entsteliung kann ieh liier nicht eingelin, sondern 
stelle sie mu* zum Yergleich mit meiner Ivarte der Verbreitung 
der multiplen Sklerose. Es findet sich keine aufftillige Oder 
durchgiinglige Ubereinstimmung. 

W. Peterson meint, dass die multiple Sklerose in den USA. 
ziemlicli treu der Verteilung der Thyreotoxieose folgt. Xacli 
Steiner soli dies eine Folgc davon sein, dass die Ausbveitung 
der Thyreotoxieose reclit nahe derjenigen der gewohnlichen 
Struma folgt. lndessen halt Steiner die Parallelitfit des Yor- 
kommens der multiplen Sklerose auf der einen und der Struma, 
und Thyreotoxieose auf der amleren Seite nicht ftir zufrieden- 
stellend bewiesen. Ilierzu mdehte ieh darauf himveisen, dass ir- 
gendwelehes absolutes Pbereinxtimmen zwischen dem Yorkom- 
meu der einfaehen Struma und dor Thyreotoxieose in Sehweden 
von mil* niehl gefunden werden konnte. Die von mil* erhaltene 
general isierende Ivarte ftir die Ausbreitung der Thyeotoxieose 
innerhalb Schwedons findet sich in Figur 14. Sie wurde auf die- 
sel be Weise wie diejenige uber die multiple Sklerose crmittolt 
und diirfte mit dieser keine irgemlwie sichere t'bcreinstimmung 
zeigen. 


Tuherl'Ulose. 


Dass ein atiologischer Zusammenhang zwisehen multipier 
Sklerose und Tuherkulose bestehen soil, ist ziemlieh lebhaft dis- 
kutiert worden. Grosses Interesse erweekten. wie it-h bereits 
ausftihrte, Lowenstein und .1 turbary, als es ihnen zusammen 
gliiekte Tnberkelbaeillen im Blutc eines an multiplen Sklerose 
Erkraukteu naclr/.mveisen. Spater hat man dann allerdings im 
Blute der versehiedensten Xerven- und Geisteskrankheiten Tu- 
berkelbacillen naelnveiseu kiinnen und die Theorie der Ttiber- 
kulose als atiologische Ursaehe der multiplen Sklerose hat des- 
lmlb dureh split ere Untersuehnngen nicht bekraftigt werden 
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'onnen. Allevdmgs hat (launch Ahringsmatm den Gedanken auf- 
genonimen und als seine Theovie vovgelegt, dass die multiple 
Sklevose erne Form dev Metatubevkulose sein sollte, in Ana- 
logic m it den metasyphilitischen Veviindevungen hei Lues Abev 
ev hat niemals Tubevkelbacillen in den mikvoskopischen admit- 
en dev Hevde dev multiplen Sklevose naclnveisen konneii. 
t votzdem sieht ev davin keinen Gegenbeweis und weist vielmehv 
dayau Chin, vieviel Zeit es gekostet liatten, elie die nietasyplii- 
litischen Vevandevungeii als sypliilitisclie evkannt wuvden, und 
die Iange es dauevte elie die Wassevinaniisclie Reaktion zustande 
kam. Als Stiitze seiner Auffassung weist Ahringsmmm davauf 
hin, dass die multiple Sklevose ohne Zweifel in neuevev Zeit 
haufigev gewovden sei, und ev evinnevt davan, dass die Tubev- 
kuloseniovbiditat ganz enovni walivend des vovigen Kvieges und 
walivend dev Inflationspeviode in Deutschland zunalun. Mit 
eineni Zwischenintevvall von S — 10 Jaliven soil naan nacli 1925 
— 1030 evhohte Fiille von multiplev Sklevose evhalten, was auclv 
geschah. In Figuv 15 ist eine Kavte dev Tubevkuloseniovtalitiit 
fviv die Jahve 1915 — 1930 wiedevgegeben, die Uddstromer auf 
die gleiclie Weise evmittelte, avie die meinige dev multiplen 
Sklevose evmittelte wuvde, also auch hiev wurde nicht so selu* 
Kueksicht auf die administvativen Bezirke genommen, sondevn 
meliv auf das wivkliclie Yovkommen dev Kvankheit. Vevgleiclit 
man diese Kavte mit meinev genevalisievenden Kavte iibev die 
multiple Sklevose findet man keinevlei Dbeveinstimmuug, auch 
keine absoluten gegensiitzliclien Vevlialtnisse. Sichevlich hat die 
Tubevkulose in Sclnveden niclit immev gevade diese Auslivei- 
tung geliabt, sondevn die liolieve Fvequenz ist, wie bekannt, so 
uach und nacli von Siiden nacli Kovden fovtgesclivitten. Dennocli 
glaube ich nicht — auch wenu man sicli die multiple Sklevose 
als met a tubevkulose Manifestation denkt , dass dieses Foyt- 
sclivitten von ivgendwelchev Bedeutung sein sollte, well es zeit- 
licli sehv viel liingev zuviickliegt, als die eventuelle tubevkulose 
Infektion bei Patienten mit multiplev Sklevose ausmaclrt. In 
cinem fviiheven Kapitel babe ich beveits die Fvage dev Tubev- 
kulose bei multiplev Sklevose und in den Familien diesev Kvan- 
ken beliandelt und bin zu dem Evgebnis gekommen, dass ivgcn - 
welche evhohte Hevediliit odev Belastung mit Tubevkulose bei 
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l'iyur 15. Die Yerbreitunr/ tier Tuhcrkulosc in Schircdcn (Mortaliliils- 
zttlilcii 1915 — 1D50) (luieh M. Uddst rower: The occurence of 
IpinfopramtlotmUms in Sweden, Acta tttbcreoloxa ttcttnd . sup pi. 
I. 195/,). 

den Pntienten in it multiple!* Sklerose niclit vorgefunden wire!, 
auch keine erliohte Geneigt licit selbev an Tuberkulose zu erkran-’ 
ken. IVie ich vorher darlegte war die Freqiienz der mnltiplen 
Sklerose keinen anffallenden Ycranderiingen walirend der Un- 
ter.siiclinngszeit nnterworfen, walirend d age gen die Mortalitiit 
far Tnberknlo.se -standi" sinkende Ziffern zeigte. Irgcndein Zu- 
sammenhang zicischcn Tuberkulose, mid multi pier Sklerose Jcam 
also bci dicscr Unlcrsuclnnig vicht vor. 

iob 





Spirochaetentheorien, Morins Weil. 


Die Theorie, class die multiple Sklerose von einer Spirochaete 
Aeimsacht Averden sollte, lmt sicli grossen Interesses erf rent. 
v " ]l >l 11,1(1 S tc »>ci‘ gltickte es zuevst spirocliaetengleiche Bil- 
dungen im !Nervensysteni bei multiplex- Sklerose aufzmveisen, 
danacli liaben claim mehrere Fovscher cliese Frage diskutiert! 
Fs gelang Mehreren cliese sogenannten Spirochaeten aufzmvei- 
sen. Unter anderen lias sin, Diamond, ScheinJccr, Schuster, Sic- 
moling mid Wilson. W ilson stellte die Theorie auf, class die 
Spirochaeten durch Hatton auf den Menschen iibertragen Aviir- 
den in Analogic zu den Yerhaltnissen bei dev Morbus Weil. Die- 
‘;e ITypothe.se sollte nach ihm die Tatsache erkliiren, Avarum die 
multiple Sklerose so hiiufig in dev Umgebung der grossen Seen 
in den USA. ware mid in den Sumpfgebieten uni Peterborough 
in England. Er kann aber keinen positiven Beveis fiir die Rich- 
tigkeit seiner Theorie erbringen. Die uberwiegende Mehrzahl der 
Fovscher betrachtet cliese Spirochaetentheorie auch mit eiiiem 
gewissen Alisst raun. 

Da man sich.eine gleichgeartete YerbreitungsAveise fiir mul- 
tiple Sklerose mid Morlms Weil gedacht hat, ware natiirlich 
eine vergleichende Studie der geogi*aphischen Pathologie beider 
Krankheiten aus verschiedensten Gesichtspuu'kten von Inte- 
resse. Ausserdem ist die Morbus Weil erst kiirzlich in Scliweclen 
von Mulmgrcn erforscht worden. 

Ilauptsaehlich sincl esr Avohl ZAvei Punkte, die sicli fiir eine 


Diskussion eignen konnten, niimlich die Berufsverlialtnisse und 
die Yerbreitung. Mulmgrcn findet in seinem Material, dass Mor- 
bus Weil am moisten bei Land- und Stallarbeiten angetroff en 
Avird. • Uni 50 % seiner Patient en geheiren dieser Berufsgruppe 


an. Belrachten Avir mein Material so liaben wir auch dort unge- 
fahr 50 % der Patienten mit LandAvirtschaft und den dazuge- 
horenden BerufszAveigen beschaftigt, aber dies ist, Avie ich nach- 
weisen konnte, nngefahr normale Delation der Berufsgruppen 
innerhalb des Landes. Das Avas in Mahngrcns Arbeit moglicher- 
weise daliir sprechen kann, class das Ubergewiclit innerhalb der 
genannten Berufe in seinem Material siclier ist, ist die Tat- 
sache, class darin Manner naliezu 3 mal so zahlreicli sind aa ie 
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Frauen. In meitiem Material iiberwiegen dagegen die Frauen 
etwas. Die niicbste grossere Gruppe von Patienten in Malm - 
fjrcns Material sind die Scliliicbtereiarbeiter. Irgemvelcbe tiber- 
gewiclit fur diese findet sicb in xneinem Material nicbt. Die Be- 
rufsverhaltnisse bei den beiden Krankheiten zeigen also keine 
grossere tiber einstimmung. 

Was die Ausbreitung angelit, so kann man sowohl Gleiclihei- 
ten Avie Ungleiclilieiten feststellen, aucli Gegensiitze linden sicb. 
Gleiehheiten besteben darin, dass sicb zahlreiclie Fiille A’on Mor- 
bus Weil in den Begierungsbezirken Viirmland, Orebro, Skara- 
borg, Alfsborg, Jonkoping, Ostergotland und Malmobus linden, 
in denen aucb die multiple Sklerose reclit biiufig vorkomint. 
Keine oder nur A'ereinzelte Fiille linden sicb in den Begierungs- 
bezirken Bobus, Holland, Blekinge, Kalmar und in geAvissen Tei- 
len von Stockbolm. In diesen Bezirken ist aucb die multiple 
Sklerose selten. Verscbiedene Ausbreitung zeigen beide Krank- 
beiten fur die Begierungsbezirke Upsala, Yastmnnland, Ivoppar- 
berg, und Yiisternorrland. Innerbalb dieser Bezirke ist Morbus 
Weil selten, Avahrend dagegen die multiple Sklerose ziemlicb 
reicblieb vorkomint. Sonach bat aucb die Yerbreitung beider 
Krankenbeiten keine durcbgebende Gleiebbeit. 

Es will also schcincn, als ob irgcnd ciit Zusammcnlutng zwi- 
sehen (hr gcographisehen Pathologic dcr multiplcn Slclcrosc 
und (hrjcnigcn dcr Morbus Weil nicht bestiinde. Da Morbus Weil 
ini grossed hinsichtlich seiner Ausbreitung derjenigen dcr infi- 
cicrfen Ratten folgt , bedcutet dies (inch, dass die multiple Slcle- 
rose wahrscheinlich in Iccincm Zusammcnhang mit den Ratten 
fteht, die morbus Weil ubertragen. 


Bid. 

Dass Blei fur die Entstebung dcr multiplcn Sklerose von Be- 
deutung sei, ist miter Anderen von Cone und Mitarbeitern vor- 
gebraebt vorden, aber es sei selten sagt Drobncs, dem es nur 
bei ZAA’ei Patienten gelang Blei nacbzmveisen. 
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Blei aLs atiologischer Faktor kann natiirlich nicht eingehen- 
ei 5111 einem Material, Avie dem meinigen studiert vverden. A«f 
Grand meiner Untersuchungen kann man lediglich in gewissem 
TJmfang bem-teilen, ivieveit Patienten mit multpiler Sklerose 
der Beruhrnng mil Blei ausgesetzt Avaren. Blei kommt Avoid 
hauptsachlicli in Bernfen Avie Anstreiclier, Maschinenarbeiter 
nnd Rdhrenarbeiter, soAvie in geAvissen chemischen Indnstrien 
A’ 01 '* K’ni- IS meiner Patienten vvaren im Maler oder Anstreicher- 
beruf beschsiftigt, 19 Avaren in meehaniselien Werkstiitten tiitig, 
8 als Sehmiede, 2 als Dachdecker bezw. Klempner, 9 als Elek- 
triker, 4 als Rdhrenarbeiter nnd 7 als Tvpographen. Sonacli 
finden sich nicht die geriugsten Priidominieren der mnltiplen 
Sklerose innerhalb irgeuAvelclier Berufe, bei denen die Patien- 
ten der Beschaftigung mit Blei ausgesetzt sind. 

Irgcndicclchc Anhaltspunktc dafiir , (lass Blei von cincr iitio- 
lor/ischcn ■ Bcdcutung bei der multiple n- Sklerose ware, konncn 
sonach aus diescr Vntcrsuchvng nicht hcrgeleitet iccrdeu. 

Vielleieht hat Blei irgendeine andere Bedentnng ant die mul- 
tiple Sklerose, als gerade atiologiselie. 


Die Zeckenthcoric. 

Steiner hat die Theorie aufgestellt, dass die multiple Sklerose 
unter den Menschen durch den Biss von Zecken verbreitet Aver- 
den soil. Unter den Zeckentypen, die in Frage kommen sollen, 
steht Ixodes rlcinus in vorderster Reihe, Ein Teil der For sober 
sind in Steiners Fuss-spuren getreten, n. A. Cnrsclnnann. Es ge- 
lang ihnen nachzuAA’eisen, dass eine grosse Zahl an multiplex 
Sklerose Erkrankter fruher von Zecken gebissen Avorden Avaren. 
Steiner gibt selbst an, dass er bei 50 % alter von ilnn untersucli- 
ter Fiille von multipier Sklerose Reste von Zeckenbissen gefun- 
den babe. Marburg, der seine Aufmerksamkeit speciell ant das 
Vorkommen von Zeckenbissen bei Patienten mit multipler Skle- 
rose gerichtet hat, fand mu* einmal anf mehrere Hundert Falle 
von multipler Sklerose einen Zeokenbiss. Auch Allison halt die 
Zeckenbisse bei multipler Sklerose fiir ungeAvolmlicli. Ebenso 
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zweifelt Bing an tier Bedeutung der Zecken bei der multi plen 
Sklerose und xx'eist darauf bin, class diese Tiere in Afrika und 
Australien eine aSTervenkrankheit iibertragen, die sich vbllig von 
der multiplen Sklerose untersclieidet. 

In meinem Material danach zu forschen, ob die Patienten 
Reste von Zeekenbisse geliabt, Aviire niclit moglich gewesen. Es 
konnte aucli keine Rede da von sein, dieses Detail in nxeinenx 
Fragebogen zu erfragen, denn es erschien mir so gering und 
fur die infrage koinmenden Individuen so bedeutungslos, class 
erscliopfende und sichere Antworten wahrseheinlich niclit zu 
erh alien gexvesen xWiren. 

Die Mogliclikeiten, die sich zur Bcurteilung der Zeckentheo- 
rie in ineiner Arbeit bieten. sind niclit gross. Hauptsachlicli diirf- 
ten es zivei Funkte sein, die fur eine Diskussion in Frage kom- 
inen, und ZAvar zunachst die Mbgliehkeit fiir die Patienten Zec- 
kenbisse zu erhalten, el was, das nalie m it deni Beruf und der 
Beschiiftigung der Patienten zusammenhaiigt, und zum ancle- 
ren die Ausbreitung der Krankheit in den Bezirken des Landes, 
in denen Zecken vorkommen. 

Was den Beruf angeht, so miissen die Patienten, die denk- 
liarerweise Zeckenbissen ausgesetzt. sein konnen, ubenviegend 
au.sserliau.se Arbeiter sein. Zecken kommen hierzulande baupt- 
siichlich in wasserreicben Gebblzen und Wiesengriinden vor, avo 
sicb reicblicbe Vegetation von beispielSAA*eise Ilasel, Erie, Jung- 
birbe, Esjie und Weide findet. Derartige Gebiete sind nun fiir 
geAvobnlicb Weidemarke fiir Binder, so class in erster Linie die 
landbewirischaftemle Bevblkerung es sein niusste, die deni Er- 
kranken an multiplcr Sklerose ausgesetzt Avar. Wie aus deni. 
Ivapitel liber die BerufsA-erteilung bei der multiplen Sklerose 
hervorgeht, sind uni 50 % der Patienten in der LandAvirtschaft, 
Fiscberei und in der Industrie der Stcine und Erden, den Be- 
rufen, die avoIiI am ebesten in dieser Ricbtung in Betracht koin- 
men, tiitig. Aber das bedeutet; nocb kein proportionales liber- 
geAvicht dieser Berufsgruppen. Naturlicb ist es aucli denkbar, 
dass Patienten innerbalb anderer Berufsgrupiien bei melir ziir 
fill li gem Aufentbalt auf dem Larnle von Zecken gebissen Avur- 
den. Die Berufsverteilung gibt infolgedessen keine direkte Stiitze 
fiir die Zeckentheorie. 


s 
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# Di ^ Verbreitung der Zecken in Schweden ist nicht sebr er- 
iorsckt. Erne tibersiclit fiber scbwedische Zecken wurde von 
Schulze 1930 iiberreicht. Dagegen ist es nacb einer personlichen 
Mitteilung von Professor T. Gislen , Lund, ansgesclilossen aus den 
bier im Lande gemachtem Streufunden von Zecken Oder ans 
Beobaclitungen iiber deren Mclitvorhandensein irgendwelcbe 
Schliisse iiber deren wirklicbes Vorkommen zu zielm. Die ge- 
wcihnlicbste Zecke bierzulande ist Ixodes ricinus, gerade der 
der im Verdaclit stelit die Krankbeit zu verbreiten. Aber 
es findet sicli keine Untersueliung, die ansfiirliclier die Aus- 
breitung in Sclnveden behandelt. Daher kann eine vergleichende 
Gegeniiberstellung des Vorkommens der multiplen Sklerose nnd 
der Ausbreitung der Zecken zufriedeftstellend niclit vorgenom- 
men werden. Und dock findet sick eine Moglicbkeit, sicli ein 
Bild dariiber zu verseliaffen, wo diese Tiere bausen. Es ist eine 
alt bekannte Saelie, dass eine Rinderkrankheit, sogenannte Pi- 
roplasmose (Blutstallung) von Mikroorganismen kervorgeru- 
fen wird (Piroplasma bo vis), die durcb Zeckenbiss auf die Tiere 
iibertragen werden. Piroplasmosen gibt es an Stellen, wo Zec- 
ken felilen, niclit, dagegen kann sie felilen an Stellen, wo sicli 
Zecken finden, denn zur tibertragung der Krankbeit ist ja not- 
wendig, dass sie mit den obenzeicbneten Mikroorganismen infi* 
ciert sind. Durcli das Studium der Verbreitung der Piroplas- 
mose kann man eine gewisse Vorstellung iiber das \ orkommen 
der Zecken im Lande bekommen. Klarin hat die Piroplasmose 
in Schweden walirend der Jalire 1913 — 1919 erforscht. Auf der 
Grundlage der von ilim fur die Verbreitung der Krankbeit in- 
nerbalb des Landes aufgestellten Frequenztabelle babe icb die 
Karte der Figur 16 zusammengestellt, wo die Frequenz in Pro- 
mille kranker Tiere angegeben ist. Zusammengenommen waren 
walirend der Untersuchungsperiode iiber 41 Tausend Tiere an- 
gemeldet worden. Wenn wir diese Karte der Verbreitung' der 
Piroplasmose mit derjenigen des 1' orkommen s dei multiplen 
Sklerose vergleiclien, so finden sicli nur wemge Gememsam- 
keiten. Reiclilicheres Vorkommen von multipier Sklerose nnd 
Piroplasmose ergibt sicli in den Kegierungsbezirken Ostergot- 
land, Jonkoping, Alvsborg, sowie Orebro. Entgegengesetzte » er- 
baltnisse zeigen die beiden Kranklieiten in unter anderen den 
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Figiir 10. Das Yorkommcn tier Piroplasmosis in Scluccdcn. Die Earle ist 
konst ruiert nacli Zifferangahen ■ aus cincr Arbeit von E. Elarin 
(KJarin: JJlodstaVning hos notkreatur, Slcand. Ereatursjor- 
siikr.AJJ. Arsbcruttclsc 1925, Stockholm). 


Kegierungsbezirken Upsala, Stockholm, Kalmar, Yiistmanland, 
Kopparberg und Yarmland. Eine Detailubereinstimmung fin- 
det .sicb also niclit zwiselien den beiden Frequenzkarten. Man 
muss sicli aber immer vor Augen halten, dass eine Karte tiber 
das Yorkommen der P iroplasmose im Lande keine solcbe der 
Ausbreitung der Zecken darstellt, sondern nur Pliitze aufzeigt, 
an delicti inficierte Zecken vorkommen. 

Die Yoraussetzungen fur die Beurteilung der Frage tiber die 
Bedeutung der Zecken fiir die multiple Sklerose sind also in 
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memem Material niclit so giinstig. Es ware ja moglieb gewesen, 
(lass, wenn es irgendeine genaue Frequenzstudie tiber das Yor- 
kominen der .Zecken im Laude gegeben liiitte, man auf Grand 
dieser zu gewissen Schliissen tiber die Bedeutung der Zecken 
bei der multiplen Sklerose' gekommen ware, denn wenn diese ir- 
gend eine Bedeutung liaben sollten, so mtisste ja : das Vorkom- 
men der multiplen Sklerose in die Verbreitungsgebiete der Zec- 
ken fallen. Zuniicbst muss die Frage offen gelassen werden, bis 
bes sere Voraussetzungen fur ilire Beurteilung gegeben sind. 
Moglicberweise kann man das vorliegende Material von multi- 
pier Sklerose zugrunde einer Spezialuntersucliung liegen, die 
gewisse kleinere, auf die Frequenzkarte gestiitze Gebieten um- 
fassen. Eine detaljierte Studie iiber die Zeckentheorie wurde bier 
in Schweden vor einigen Jahren von Doktor B. AImkvist begon- 
nen. Es ist zu wiinscben, dass bier eine Mitarbeit zustande kom- 
men konnte, und class man auclx Biologen, die das Zeckenvor- 
kommen im Lande studiert liaben, tiber diese Probleme interes- 
sieren konnte. 

Die Untersuchung ist niclit geeignet die Frage iiber die Be- 
dcutung der Zecken in der Atiologie der multiplen Sklerose zu 
beantworten. Die Ansbreitnng und das Vorkommen der Zecken 
in Schweden ist niclit erschopfend crforsclit. Irgendcin Zvsam- 
menhang swischen Piroplasmosc bei Rindern — einer Krank- 
heit, die dnrch Zecken iibertragen wird — und mnltpiler Skle- 
rose hat niclit nachgewicsen werden konnen. 
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5- Kapitel. 

Das Vorkommen der multiplen Sklerose und ilir Verhdltnis 
zu verschiedenen geographischen Faktoren. 

Die Karte iibei* das Vorkommen der multiplen Sklerose war 
niclit der Ausgangspunkt einer eingehenderen naturgeographi- 
sclien Studie. Eigentlich sind es mu* zwei vescliiedene Gesiclits- 
punkte, die in gewissem Alass beacbtet worden sind, niimlicli das 
\ r erhaltnis der Krankenbeitsfrequenz zur Ausbreitung des Ac- 
kerareals innerbalb des Landes und das Vorkommen von Kalk. 

Unzweifelbaft findet sieh eine gewisse Ubereinstimmung zwi- 
sclien dem A'orkommen der multiplen Sklerose und der Ausbrei- 
tung des Ackerareals innerbalb des Landes. Reicblicberes Vor- 
kommen der multiplen Sklerose wird in den grossen Landwirt- 
sebaftsdistrikten in den Regierungsbezirken Upland, Vastmaip 
land, Orebro, Ostergotland, Abistergbtland, A’iirmland und Alal- 
mobus gefunden. Dagegen ist die multiple Sklerose niclit so ge- 
wbbnlicb in den Landwirtscbaftsdistrikten in Sodermanlandj 
Blekinge, sowie an der AVestkiiste, wabrend sie liiiufiger in den 
Regierungsbezirken Kronoberg und Jbnkbping ist, von deneii 
niclit gerade bebauptet werden kann, dass sie direkte Ackerbau- 
bezirke waren. Eine auflTilligere Ubereinstimmung scheint in- 
dessen niclit gegeben zu sein. 

Co nc und seine Mitarbeiter baben bei ibren Untersuclmngen 
iiber die Bedeutung des Bleis bei der multiplen Sklerose. u liter 
anderem eine Reibe von Umstanden gefunden, die dafiir spre- 
clien, dass Kalk eine gewisse tberapeutisebe AAlrkimg bei der 
multiplen Sklerose babe und zwar dergestalt, dass er die Pro- 
gredienzen der Krankbeitssvmptome bemmen sollte und zu- 
gleicb die Aussonderungen von Blei mindern wiirde. AA : ie das 
sicb nun aucb verb alien mag, jedenfalls mag es mit Bezieliung 
bierzu von Interesse sein, zu sebn, wie die Ausbreitung der mul- 


117 



118 



H'iSUV 1 ? f. ~ 4 

' Ao> ’ f e iibcr 7 

i0Scn ^agc,T kalk) 'eicl, C)l ~ ^ I 

iT T «- lT°‘^**Z n °~~°'°’“"‘ Z? wn “'° 

n kaltcreioj, b , ffs v>'und „ Gcbtr os ffn t»* 1 h °hc n 

•»•»> (C’aco , " ” m *.», J* 

«** •»». s .f 0 *®* »« 

,ch,e K), en „ ’ 

»». '*«« fcaao", ,CI " J n2" WaJ - *■ 


tiplen Sklerose sick zu clem Kalfevorkommen des Landes ver- 
liiilt. In Figur 17 findet sicli eine Karte, die das Kalkvorkom- 
men im siidliclien nnd mittleren Teil Sclnvedens zeigt. Auf ikr 
findet man ein reclit reicliliches Yorkommen der multiplen 
Sklerose gerade innerhalb der kalkreiclien Flackliinder der Re- 
gierungsbezirke Oster- nnd Vastergotland, Skane nnd Uppland. 
Im Regiernngsbezirk Farmland, wo es aucli reiclilicli multiple 
Sklerose gibt, ist dagegen der Ivalk in der Eatur ungewolinlicli. 
Facli Sjogren gibt es lediglick in der Umgegend von Filipstad 
Ivalk in Form von Urkalksteinsgrund, wiilirend im ubrigen Be- 
zirk Ivalk sowolil als Urgrnnd, wie als lose Ablagerung felilt. 
Es ergibt sick also keine Ubereinstimmung zwisclien den Gegen- 
den mit '\ r orkommen von Kalk oder in it Felilen von Ivalk nnd 
denjenigen der multiplen Sklerose. Dass der Ivalk von irgend- 
welcker Bedeutung fiir die Entwicklung der multiplen Sklerose 
sein sollte, ersekeint von dieser Untersuckung aus zweifelliaft. 
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6. KapiteL 

Das Ergebnis der Untersuchung. 

tiber die multiple .Sklerose in Schweden wurde eine geogra- 
ph lseh-pa thologis cbe Studie durchgefiihrt, der Krankenhaus- 
matevial dev multipleu Sklerose aus alien Krankenhausern in- 
nerlialb des Landes wahrend einer 10 -J ahresperiode von 1925 
bis 1984 zn Gimnde lag. 

Das Material umfasst 1365 Fa lie, bei denen die Diagnose — 
multiple Sklerose — auf Grand von Symptomen, die auf mul- 
tiple Herde im Fervensystem zurfickgeffihrfc werden kounen, ge- 
stellt wurde und in engem Zusammenliang mit einer genauen 
Anamnese. liber den Charakter der verseliiedenen Falle, sowohl 
was die ausgebildete multiple Sklerose betrifft, wie aucb fiber 
die praemouitoriscbeu Symptome werden tabellariscbe Anga- 
ben gegeben. In 735 Fallen war die Diagnose der multipleu Skle- 
rose unsicher Oder fehlerhaft. Eine ausfuhrliche Analyse dieser 
Ffille wird mitgeteilt. 

Im Mittel bat die Anzahl der jalu-lichen Fallen von multiplex 1 
Sklerose wahrend der Jahre 1925 — 1934 136 Fitlle betragen. We- 
der eine Erliolraixg noch eine Yerminderung der Frequenz ist 
wahrend dieser Zeit wakrgenommen worden. 

* Bei nahezu 75 % der Fiille beginnt die multiple Sklerose im 
Alter zwischen 16 und 35 Jahren. Fur vereinzelte Individuen 
erkranken vox* dem 10 ten Lebensjaln*. 

Die multiple Sklerose findet sieh hiiufiger bei Frauen als bei 
Mannern. Die Differens ist nielit gross, aber nachweisbar. Sie 
kann nicbt dureli eine wechselnde Zxxsammensetzuixg der Be- 
volkevung innevlialb geographiscb verschiedener Bezirke oder 
innerlialb verschiedener Altersgruppen erklart werden. 

Eine genaue Studie der Berufsverteihmg bei den Patienten 
mit multiplex- Sklerose zeigt ein nnbedeutendes Ubenriegen der- 
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jenigen die in der LandAvirtschaft, der Textilindustrie, dem 
Hand el, den Offentlichen Hiensten oder in den freien Berufen 
bescluiftigt sind. Von Interesse ist e.s, zn selin, dass die Eltern 
der Kranken im selben Umfang in der Landwirtscliaft beschaf* 
tigt Avaren vie die multiple Sklerose innerhalb dieser Berufs- 
grnppe anftritt. 

Hie Untersuclinng hat gezeigt, dass die Krankheit innerhalb 
der Pamilien von Patienten, die an niultipler Sklerose leiden, 
nielli* als SO mal so oft vorkommt, als in der Hurchsehnittsbe- 
volkerung. Anch das Yorkommen von Geisteskranklieiten in den 
Pamilien der Patienten mit mnltipler Sklerose ist bedentend 
grosser als bei der normalen Bevblkernng. Hie gauze neuro- 
psychogene Belastnng erreicht cine Hohe von ungefa.hr 16 %. 

Aus der Untersuclinng gelit hervor, dass sieh bei den Patien- 
ten mit mnltipler Sklerose keine erhcilite familjare Belastnng 
mit Tuberknlose findet. Hiese Patienten sind anch niclit in gros- 
serem Masse selber der Gefahr ansgesetzt an klinisch manifes- 
tierbarer Tnberlcnlose zn erkranken. 

Hie Movtnlitiit erreicht ~5 r /c, Avas etiva 35 Personen jahrlieh 
entspricht. 

Hie Hauer der Krankheit Avurde im ^littel mit 9 Ja liven be- 
rechnet. 

3306 Palle konnten geograpliisch lokalisiert Averden. Havon 
Avaren 392 in St ad ten 914 auf deni Lande ansiissig. Has Yer- 
hiiltnis der in den Stadten Ansassigen zn den auf dem Lande An- 
sassigen entspricht deni jenigen der normalen Bevolkerung. Hie 
Krankheit scheint in etwas lioherem Ausmass die bodenstan- 
dige Bevolkerung gegeniiber der Zuziehenden zn treffen. 

Hie multiple Sklerose hat Avnhrscheinlich cine geivisse aber 
niclit selir markierte geograpliische Ausbreitung. Sie kommt in- 
nerhalb geivisser Bezirke zahlreicher, Aveniger zahlreich in an- 
deren Bezirken vor and diese Prequenzverschiedenheiteu lassen 
sicli niclit mit einfachen Zufallen erklfiren. 

Pin Zusammenhang zAvischen dem 'N'orkominen der mnltiplen 
Sklerose und der Ausbreitung der Tuberknlose oder einem Teil 
anderer Krankheiten ergab sicli bei dieser Untersuclinng niclit. 

IrgendAvelche Anhalt spunkte dafiir, dass Blei eine iitiolo- 
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gisclie Ursaclie fur die multiple Sklerose sei, siud niclit gefua- 
den worden. 

Die TJntersucliung ist niclit geeignet, die Frage nach der Be- 
deutung der Zeeken innerlialb der Atiologie der multiplen Skle- 
rose zu beantworten, Die Ausbreitung und das Vorkommeu der 
Zeeken innerlialb .Sckwedens ist niclit eingehend going er- 
forsclit. Irgendein Zusammenhang zwischen der Piroplasmose 
bei Rindern — einer Krankheit, die durcb Zeeken tibertragen 
wird — und multipier Sklerose hat auch niclit aufgezeigt wer- 
den konnen. 

Fine ausfubrlicliere naturgeograpliiscbe Studie der Frequenz- 
karte der multiplen Sklerose ist nickt durchgefukrt worden. 


122 



Tabelle 20. Einwolinerzalil verscliiedener Regierungsbezirke, gauze An- 
zalil dor multiplen Sklerose unci ihre Fretpieiizzalileii fur 
die verscliiedenen Bezirke. Die Frcquenzzablen driicken die 
Anzalil dor multiplen Sklerose pro 10 000 Eimvolmer aus. 


Regierungsbezirk 

Einwoh- 

nerzahl 

Fiille von 
multipler 
Sklerose 

Frequenz- 

zahl 

Immer an 
demselben 
Ort an- 
sassigr. 

STOCKHOLM 

502.207 

00 

1,8 

39 

StockJiolms Uin: 





Frosfikers liiirad 

12.710 

4 

3,i 

4 

Niirdingliundra liiirad 

S.005 

4 

0,0 

2 

Yiiddo-IIiivero liiirad 

0.449 

1 

4,5 

4 

Bro-Viito skeppslag • 

3.977 

1 

2,5 

1 

L.vliuudra liiirad 

4.447 

2 

4,5 

2 

Frotuna-Liinna skeppsl. 

7.17G 

1 

1,4 

i 

S'juliundra liiirad 

4.934 

0 

0 

0 . 

Langliundra liiirad 

4.S33 

3 

G,5 

3 

Arlinglnindra liiirad 

G.55S 

2 

3,0 

1 

Semingliundra liiirad 

3.SG3 

0 

0 . 

0 

Vallentuna liiirad 

G.413 

0 

0 

0 

Akers skeppslag 

G.320 

0 

0 

0 

Viirmdo skeppslag 

9.79S 

0 

O 

0 

Dandcryd skeppslag 

33.723 

3 

0,0 

1 

SoIIentuna liiirad 

13.251 

5 

3,8 

1 

Fiirentuna liiirad 

G.S41 

1 

1,4 

0 

Svarildsa liiirad 

1S.S1S 

6 

3,5 

3 

oknebo liiirad 

9.359 

0 

0 

0 

Sotliolms liiirad 

17.G31 

2 

1,1 

1 

Sddertiilje 

14.371 

4 

2,8 

1 

Sundbylierg 

S.471 

1 

1,5 

1 

Djursliolm 

G.221 

0 

0 

0 

Lidingci 

11.2S0 

1 

0,9 

1 

Yaxholm 

2.975 

0 

0 

0 

Norrtiilje 

4.S75 

0 

0 

0 

Ostlianiinar 

1.07S 

0 

0 

0 

oregrund 

1.201 

1 

S,4 

1 

Si'gtuna 

1.031 

0 

0 

0 

Stockliolms liin: 

2G4.909 

45 

1,7 

2S 

Vpsala liin: 

Bro liiirad 

2.977 

1 

0,5 

1 
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Hegierungsbezirk 


Blnivoh- 

nerzahl 


FiiUe von 
multipler 
Sklerose 


Frequenz- 

zalil 


Immer an 
demselben 
Ort an- 
saasig. 


Ilabo liiirad 
Triigds liiirad 
Asnnda liiirad 
Lagunda liiirad 
Ilagnnda liiirad 
L’llerakers liiirad' 
BiUingc liiirad 
Vaksala liiirad 
Rasbo liiirad 
formula liiirad 
Olands liiirad 
Orbylms liiirad 

T'psala 

■ Enkiiping 


L'psala liin 


Sodcrmanlands Kin: 

.lonit leers liiirad 
Riino liiirad 
Hulobo liiirad 
Daga liiirad 
Sclebo liiirad 
Akers liiirad 
osterrokarne liiirad 
Viisterrekarnc liiirad 
Villattinge liiirad 
Oppunda liiirad 

Xykiiping 

Katrineliolin 

Eskilstuna 

Torsliiilla 

Striingniis 

Mari of red 

Trosa 

Siiderniaiilands liin 


4.392 
7.450 
5.17S 
4.027 
4.909 
7.4S9 
3.743 
5.22G 
. 3.732 
G.330 
20.2G1 
2G.2G0 

i 30.190 
5.S9G 

13S.0G0 


4 

3 
0 

4 

5 
3 
0 
2 
2 
5 
8 

12 

17 

2 

GS 


19.G33 

11.004 

G.002 

S.G2G 

7.013 

S.227 

12.291 

8.921 

14.701 

31.538 

11.953 
7.S05 
32.G74 
1.S2G 
4.71 G 
1.3G2 
S00 

1S9.1S2 


2 

2 

1 

1 

2 

1 

7 

2 

3 

4 


2 

1 

G 

0 

1 

0 

0 

35 


9.0 

4.1 
0 

10,0 

10 ,= 

4.1 
0 

3,8 

5.1 

7.0 

3.0 

4.0 

5,c 

3.1 

4,o 


1,0 

1,0 

1,0 

1,1 

3.0 

1.0 
5,7 
2,1 
2,1 
1,3 

1,7 

1,3 

1,9 

0 

2,i 

0 

: 0 

1,» 


4 

2 

0 

2 

4 

3 
0 
1 
2 

4 

5 
S 

s' 

1 

45 


2 

2 

1 

1 

2 

0 

G 

o 

3 

3 

0 

0 

5 

o 

6 
0 
0 

27 
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Regierungsbezirk 

Einvoh- 

nerzahl 

Fillle von 
multipier 
Sklerose 

Frequenz- 

zahl 

Immer an j 
demselben! 
Ort an- J 
siissig. 1 

Ostcrgotlands Ian: 

Finspanga Ians biirads 
tingslag 

2G.504 

7 

2,r, 

j 

1 

! 

i 

- 6 

Brabo biirad 

5.731 

1 

1.7 

1 

Meinmings biirad 

9.024 

4 

4.4 

4 

Losings bjirad 

4.960 

1 

2.o 

1 

ostkinds liiirad 

G.007 

0 

0 

0 

Bjdrkekinds bjirad 

4.159 


4,s 

1 

Hammarkinds liiirad 

17.301 


1.7 

2 

Skiirkinds biirad 

5.099 


3,9 

i 

Akerbo bjirad 

3.063 

0 

0 

• 0 

Bankekinds biirad 

11.716 


2.o 

3 

Hanekinds biirad 

7.437 


4,. 

0 

Gullbergs biirad 

6.53S 


6,2 

o 

O 

Yalkebo biirad 

7.264 

0 

0 

0 

Bobergs biirad 

S.947 

3 

3.4 

3 

Aska liiirad 

14.2S0 

3 

2.i 

3 

Dais biirad 

4.407 

1 

9 » 

0 

Lysings biirad 

9.465 

2 

2,2 

2 

Gdstringe biirad 

14.630 

3 

2,1 

1 

Yifolka biirad 

7.066 

4 

5,6 

2 

. Kinda biirad 

17.9S2 

0 

0 

0 

Ydre biirad 

7.559 

4 

5,2 

4 

Linkdpiug 

29.S45 

3 

1.0 

1 

Norrkoping 

61.494 

9 

1,-1 

6 

Soderkoping 

2.S6S 

O 

0 

0 

Motala 

5.9S5 

3 

5,1 

3 

Yadstena 

2.922 

1 

3,4 

1 

Skiinninge 

1.751 

1 

5.7 

1 

Mjolby 

5.911 

2 

3.4 

1 

ostergbtlands liin 

309.995 

69 

2,3 

50 

■Jonlcopings lav: 

Sodra Yedbo biirad 

14.576 

5 

3,5 

4 

Norm Yedbo biirad 

14.446 

3 

2,1 

3 

Yista biirad 

7.04S 

2 

2,8 

2 

Tveta biirad 

19.792 

6 

3,0 

« 
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RegierunEsbczIrJ: 


Mo liiimd 
Viistbo liiirad 
iistbo liiirad 
Viistra liiirad 
o.stra liiirad 

,7 (ink oping 

Iluskvarna 

Niissjb 

Yilrnnmo 

Vctlanda 

Eltsjii 

Tranas 

Griinna 

.TOnkopings liin 


KronoVcrgs liin: 

Uppvidingc liiirad 
Kongo liiirad 
Kiniievalds liiirad 
Norrvidinge liiirad 
Allbo liiirad 
Sunnerbo liiirad 

Yiixj"> 

Kronobergs liin 


Einwoli- 

nerznlil 



25.311 
31.033 
15.227 
7.01 S 
23.G30 



Kalmar liin: 

Norm Tjusts liiirad 
Sodra Tjusts liiirad 
Sevcde liiirad 
Tuna bins liiirad 
Aspclands liiirad 
Ilandbords liiirad 
Stranda liiirad 
Norm More liiimd 


17.0S7 

10.307 

15.0S0 

10.519 

14.S11 

15.9S1 

14.731 

11.2S5 









Regierungsbezirk 

Einivoh- 

nerzah] 

Paile von 
multipier 
Sklerose 

Frequenz- 

zahl 

Immcr an 
tlemselben 
Ort an- 

siissig. 

Sodra More hiirad 

35.923 

7 

2,0 

7 

Akerbo hiirad 

5.811 

0 

0 

n 

Slattbo hiirad 

2.906 

1 

3,5 

0 

"Rnnstens hiirad 

3.590 

0 



Algutsrums hiirad 

5.667 

1 


i 

Mbekleby hiirad 

2.659 

0 

iiii 


Griisgards hiirad 

4.654 

0 

mm 

■ l : 

Kalmar 

19.S01 

3 


3 

Oskarshamn 

S.G74 

0 

0 

0 

Viistervik 

12.611 

0 

0 

0 

Vimmerby 

3.472 

0 

0 

0 

Borgholm 

1.92S 

0 

0 

0 

Nybro 

4.011 

1 

2,5 

0 

Kalmar liin 

231.551 

2S 

1,2 

22 

Gotlands Ian: 





Gotlands norra domsaga 

24.553 

2 

0,8 

2 

Gotlands sodra domsaga 

22.42S 

0 

0 

0 . 

Visby 

10.467 

0 

0 

0 

Gotlands liin 

57.44S 

2 

0,4 

2 

BIckinge Ian: 





ostr a hiirad 

25.S06 

3 

2,-” 

3 

Medelstad harad 

30.00S 

4 

1,3 

3 

Briikne hiirad 

22.004 

7 

i 3,2 

7 

Lister hiirad 

24.327 

3 

! 1,= 


Karlskrona 

25.492 

0 

! o 


Konneby 

5.774 

1 

| 

1 

Karlshamn 

7.487 

2 

.2,7 

0 

Solvesborg 

3.943 

2 

5,1 

2 

Blekinge 

144.841 

22 

i 

1,5 

16 

Kristianstads Ian: 





Jiirrestad hiirad 

9.508 

i 

1,1 ' 

1 


127 










Regierungsbezirlc 


Ingelstad liiiracl 
Albo liarad 
Giirds liarad 
Yillands liiirad 
ostra GOinge liiirad 
Norm Asbo liarad 
Sodra Asbo liiirad 
Bjiire liiirad 
Viistra Gdinge liiirad 

Ivristianstad 

Sinirisliamn 

Aiigelliolm 

Hiissleliolm 

Kristianstads liin 


Malm oh us liin: 

Luggnde liiirad 
ItOnneberga liiirad 
Onsjb liiirad 
Harjagers liiirad 
Torna liiirad 
Bara liiirad 
Oxie liiirad 
Skytts liiirad 
Yeuimenlidgs liiirad 
Ljunits liiirad 
Herrestads liiirad 
Fiirs liiirad 
Frosta liiirad 

Malnid 

Lund 

Landskrona 

Hiilsingborg 

Esldv 

Ystad 

Triilleborg 

Skandr-Falsterbo 

Malindlms liin 


Einwoh- 

nerzhal 


2G.092 

10.07C) 

23.950 

25.003 

2S.S11 

29.730 

15.440 

35.447 

30.050 

13.515 

2.505 

5.209 

3.23S 

245.912 


4S.216 

11.790 

15.794 

13.052 

21.157 

21.641 

21.997 

14.144 

21.091 

5.877 

7.0S1 

23.544 

2O.2S0 

127.S70 

. 24.512 
18.534 
55.8S9 
0.035 
11.444 
13.014 
1.097 

510.604 


Falle von Immer an 

multipler Frequenz- demselben 
Sklerose zalil Ort an- 
sa ssig. 
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Regierungsbezirk 

Rinwoh- 

nerzahl 

Fiille von 
multipier 
Sklerose 

Frequenz- 

zahl 

Immer an 
demselben. 
Ort an- 
siissig. 

Hollands lan: 





Hoks biirad 

19.070 

5 

2.0 

4 

Tonnersjo liiirad 

10.354 

4 

3,o 

4 

Halmstads lilirad 

16.382 

3 

1,8 

2 

Arstads biirad 

9.766 

0 

0 

0 

Fanras liiirad 

16.227 

1 

0, 0 . 

1 

Himle liiirad 

12.379 

O 

0 

0 

Viske liiirad 

5.961 

2 

3,0 

1 

Fjiire liiirad 

17.332 

2 

U 

1 

Halmstad 

23.866 

3 

1,2 

2 

Labolm 

2.6S6 

3 

11,0 

0 

Falkenberg 

5.527 

1 

I* 9 

1 

Varberg 

S.561 

5 

5.9 

2 

Kungsbacka 

2.017 

0 

0 

0 

Hallands liin 

150.128 

29 

2,o 

IS 

Goteborr/s-Bohus lan: 





Askims biirad 

20.996 

1 

0,5 

1 

Hisings liiirad 

12.672 

0 

0 

0 

Inlands Sodre biirad 

6.7S1 

0 

0 

0 

Inlands Torpe biirad 

4.S00 

2 

4,1 

2 

Inlands Nordre biirad 

S.9S0 

3 

3,4 

3 

Inlands Friikne biirad 

4.509 

0 

0 

0 

Orust ostva liiirad 

5.339 

2 

3,o 

2 

Orusts viistra liiirad 

11.245 

1 

Of 8 

1 

Tjorns biirad 

9.125 

2 

2,5 

2 

Lane biirad 

7.882 

2 

2,0 

2 

Stangeniis biirad 

9.68S 

0 

o 

0 

Soteniis biirad 

14.094 

1 

0,7 

1 

Tunge liiirad 

7.594 

0 

0 

0 

Sorbygdens biirad 

3.432 

2 

5,9 

2 

Bullarens liiirad 

3.182 

1 

3,8 

1 

Kville liiirad 

6.943 

1 

2,7 

1 

Tannins liiirad 

8.063 

2 

2,5 

2 

Yett;e liiirad 

11.468 

2 

1,8 

2 

Siivedals biirad 

10.115 

1 

1,0 

1 


9 
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Ilepiorunptbczirk 


G<itel>org 

Molndal 

Knngiilv 

Marat rand 

Lypokil 

T'ddevalla 

Striiinstad 

Giitcborgs-Bolms liin: 


Alvshorps liin: 

Tiisslio liiirad 
Vcdbo liiirad 
Vallio liiirad 
Kprdals liiirad 
Sundnls liiirad 
Viine liiirad 
IJjiirko liiirad 
Flumlrc liiirad 
Alo liiirad 
Viittlc liiirad 
Ktillinfss liiirad 
Giisone liiirad 
As liiirad 
Vcdens liiirad 
Bollebygdens liiirad 
Marks liiirad 
• Kinds liiirad 
Iledviigs liiirad 

Viinersborg 

Trollliilttan 

Alingsas 

Boras 

Vlricobanm 

Ainul 

Alvsliorgs liin 



10.220 
10.000 
11.015 
13.302 
4.T04 1 
0.74S 
13.511 
i 10.700 
15.5S7 
8.520 
10.32S 
0.050 
7.500 
34 .3 1 S 
28.005 
0.300 

8.042 

15.01S 

8.S70 

3S.230 

4.13S 

0.704 

313.109 
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Kegierungsliezirk 

• 

Elnwoli- 

nerznlil 

PiUle von 
multipler 
Sklerose 

Frequenz- 

zalil 

Immer an 
demselben 
Ort an- 
siissig. 

SkuraVovgs lan: 





Ase liiirad 

5.7GG 

2 

3.4 

2 

Viste liiirad 

9.550 

S 

8,4 

7 

Bnrne liiirad 

ii ms 

5 

4,2 

4 

Laske liiirad 

5.750 

3 

5,2 

3 

ICallands liiirad 

12.070 

4 

3,8 

4 

Kinnef jiirdings liiirad 

7.15G 

1 

1,4 

1 

Kinne liiirad 


5 

4,2 

4 

A’alle liiirad 

5.0S1 

0 

0 

0 

Skilnings liiirad 

12.017 

0 

4,7 

6 

Vilske liiirad 

5.GG3 

4 

7,. 

4 

Friikimls liiirad 

2.1S4 

2 

9,2 

1 

Vartoftn liiirad 

2G.GG7 

5 

1,0 

4 

Gudhcms liiirad 

10.G7S 

2 

1,0 

2 

Kakinds liiirad 

15.494 

3 

1,0 

3 

Vadsbo siidra tingslag 

52.117 

S 

1,3 

G 

Vadsbo iiorra tingslag 




Mnrlcstad 

G.143 

2 

3,3 

2 

Lidkuping • 

9.290 

4 

4,4 

4 

Skara 

0.770 

2 

3,0 

2 

Skovde 

10.S3S 

i 

0,o 

0 

Hjo 

2.75S 

n 

1 

2 

Tidnliolm 

4.S1G 

1 

1 

1 

Falkiiping 

- G.73G 

5 


3 

Skaraborgs liin 

242.329 

7G 

3,1 

GO 

Vann lands liin: 





Fiirnebo liiirad 

1G.S45 

3 

1,8 

3 

Yisums liiirad 

0.517 

2 

3,i 

2 

cilmc liiirad 

4.175 

2 

4,& 

2 

Viiso liiirad 

7.175 

2 

2,8 

2 

Karls tads liiirad 

15.S99 

0 

3,8 

0 

Kils liiirad 

3S.93S 

7 

3,7 

G 

Grams liiirad 

10.507 

4 

3,8 

4 

Kiis liiirad 

13.709 

4 

2,0 

2 

Gillberga liiirad 

33.352 

8 

G,o 

s 

Nordmarks liiirad 

1S.77S 

3 

3,o 

3 


13 

















Iti'KlerunKsbczIrlc 


•liissc liiirad 
Frykdals hiinuls ovre 
Frykdals liiirads nedrc 
Xlvdals liiirad 
Nyeds liiirad 

Karlstad 

Krlstiiieliainii 

Fllipstad 

Arvika 

Viirinlands liin 


Elnwoli- 

ncrznlil 


20.011 

12.434 

4.002 

7.070 

3G0.045 


FilUe von 
multlpler 
Sklerose 


Frequenz- 

znlil 



Onbro liin: 

(ireliro liiirad 
Glansliamniar liiirad 
Askers liiirad 
Skullcrstn liiirad 
Kumla liiirad 
Ilardenio liiirad 
Grinitens liiirad 
Suudbo liiirad 
Kdsberps liiirad 
Karlskopa liiirad 
G rytliyttc-lliillcfors liiirad 
Nora-IIjulsji) liiirad 
Fellingsbro liiirad 
Iiindes-Kanisberps liiirad 
Nya Ivopparberps liiirad 

Orcbro 

Askersund 

Nora 

Lindesberp 
Orcbro liin 


22.202 

6.55)0 

0.344 

0.32ft 

10.7S0 

2.311 

7.003 

0.430 

13.305 

21.023 

S.002 

0.816 

10.804 

12.250 

10.534 

37.523 

2.102 

2.031 

3.242 

210.230 









Regierungsbezir], 


Eimvoh- 

nerzahl 


Falle von 
multipler 
Sklerose 


Frequenz- 

zail 


Immer an 
demselben 
Ort an- 
sassig. 


Snevriuge biirad 

19.29S 

4 

2,i 

4 

Gamla Norbergs bevgslag 

15. GOO 

3 

1,9 

1 

Vangsbro biirad 

3.926 

1 

2,6 

1 

Xorrbro liarad 

G.13S 

0 

0 


Tulmndra biirad 

2.S50 

1 

3,o 

1 

Siende biirad 

5.3S4 

0 

0 

0 

l'tterfjurbo liarad 

21.176 

2 

1,0 


overtjurbo biirad 

7.210 

2 

2,0 

l 

Simtuna. biirad 

10.892 

0 

4,6 

4 

Torstuua biirad 

4.G7S 

2 

4,4 

1 

Villa biirad 

9.631 

4 

4,2 

4 

Yiisteras 

30.37S 

3 

1,0 

0 

gala 

S.022 

0 

0 

0 

Hoping 

G.395 

O 

0 

0 

Arboga 

4.772 

0 

0 

0 

I 

VHstinnnlaiuls liin 

161. 70S 

33 

9 4 

22 

Kopparbcrgs liin: 





Folkarc biirad 

15.404 

1 

0,7 

1 

Hedemora biirad 

19.914 

1 

0,5 

1 

Falu domsaga Xorra tgl 

21.141 

< 

3,3 

6 

Fain domsaga Sbdra tgl 

31.359 

10 

3,2 

10 

Viisterbergslngs domsaga 

29.S72 

4 

1,4 

3 

Hits tingslag 

15.275 

1 

0,7 

1 

Mailings tingslag 

13.747 

1 

0,7 

1 

Leksands-Gagnefs tgl 

24.3GS 

7 

2,o 

7 

Hiittviks tingslag 

14.294 

3 

2,i 

3 

Orsa tingslag 

S.423 

0 

0 

0 

Mora tingslag 

16. SOS 

2 

1,= 

1 

Alvdals tingslag 

5.S31 

i 

1,7 

1 

Siirna-Idrc tingslag 

3.460 

0 

0 

0 

Falun 

13.370 

7 

0,3 

6 

Rviter 

2.17G 

1 

4,6 

0 

I-Iedemora 

3.S00 

2 

5,3 

1 

Avosta 

5.105 

0 

0 

0 

Ludvika 

5.050 

2 

4,0 

2 

Kopparbcrgs liin 

249.647 

50 

2,0 

44 










RoglerunKsbezIrU 

Einwoli- 

nerzalrl 

Fiillc von 
multipler 
Sklorose 

Frenucnz- 

zalil 

tamer an 
domsolben 
Ort an- 
siiaslg. 

GHvlcborr/s Kin: 





Giistriklnnds vllslra domsngn 


9 

2,5 


Giistriklnmls ostra domsngn 

44.397 

10 

2,3 

s 

Ala tlngslng 

20.052 

3 

l.l 

3 

Knfmgors liiirad 

7.513 

0 

1 . 

0 

iSolluiis domsngn 

30.880 

2 

0,3 

o 

A'iistra lliilsingslnnds doins. 

37.041 

4 

1,1 

3 

Dolsbo tlngslng. 

10.S37 

3 

2,8 

2 

KcrgsjO-Forsa tlngslng 

20.433 

3 

1,3 

3 

Giivle 

3S.S0S 

mm 

2,3 

0 

ftodorlmmn 

31.043 



1 

Iludiksvnlt 

7.321 

H 

1,4 

1 

Gtlvlcborgs Itin 

279.5SS 

45 

. 1,« 

35 

Viistcrnorrlands lint: 





Modolpnds vilstra domsngn 

39.044 

2 

0,3 

2 

Njurundn-Skon-Ljustorps tgl. 

49.041 

4 

0,8 

4 

I minis tlngslng 

0.853 

0 

0 

0 

Angcrmnnlnnds sddrn doins. 

• 40.0-41 

5 

1,1 

5 

IJotea tingslag 

14.375 


0 

0 

Sollefteil tingslag 

13.551 

1 

0,7 

1 

Itmnselc-Rosolc tlngslng 

14.494 

2 

1,3 

2 

rjiillsjo tingslag 

12.757 

2 

1,0 

2 

Angcrmnnlnnds norm doins. 

40.S72 

11 

2,4 

11 

Hiirnosniul 

11.7S7 

0 

0 

0 

Sundsvnll 

1S.000 

2 

1,1 

2 

Solloftoa. 

2.735 

0 

0 

0 

ijniskoldsvik 

5.032 

0 

0 

0 


Viistcrnorrlands Inn 


27S.503 


29 


1 ,» 


29 










Regierungsbezirk 

Einwoli- 

nerzahl 

Falle von 
multipler 
Sklerose 

Frequenz- 

zalil 

Immer an 
demselben 
Ort an- 
sassig. 

Hainmerdals tingslag 

17.901 

3 

1,7 

3 

Undersfiker-Offerdals tgl 

17.135 

4 

2,5 

o 

O 

Sunne-Oviken-Hallens tgl 

11.230 

1 

0,9 

1 

Bergs tingslag 

7.0S0 

1 

1,1 

1 

Hede tingslag 

5.632 

3 

5,4 

3 

Svegs tingslag 

10.340 

3 ! 

t 

2,9 

3 

ostersund 

14.13S 

i 1 

0,7 

1 

Jiimtlands liin 

134.500 

25 

1,0 

24 

Yustcrbottens liin: 





Nordmalings-Bjurliolms tgl 

• 

1S.400 

5 

2,7 

4 

Degerfors tingslag 

9.277 

3 

3,5 

3 

Umea tingslag 

29.013 

14 

4.7 

12 

2yysiitra tingslag 

16.274 

12 

7,1 

11 

Burtriisks tingslag 

9.923 

1 

1,. 

1 

f?kelleftea tingslag 

45.217 

17 

r> 

3,9 

15 

Xorsju-Mnh’i tingslag 

10.02S 

0 

o 

0 

Lycksele tingslag 

25.376 

3 

1,5 

3 

Ascle-Villielmina tingslag 

22.9S0 

2 

0,9 

2 

' 

Umeu 

11.13S 

3 

2,7 

2 

Skelleftea 

5.203 

o 

O 

5,-3 

3 

Viisterbottens liin 

204.035 

63 

0,1 

1 

56 

Xorrhottcns liin: 

i 


i 


Pitea-Alvsby tingslag 

30.725 

3 

l.o 

2 

Arvidsjaurs tingslag 

S.94S 

1 

1,5 

1 

Arjeplog iappmarks tingslag 

3.795 

1 

3,8 

1 

Kederlulea tingslag 

12.9S0 

0 

0 

0 

overlulea tingslag 

12.901 

1 

0,7 

1 

.Tokkuiokks tingslag 

7.530 

0 

0 

0 

JRanea tingslag 

S.750 

1 

1,2 

0 

overkalix tingslag 

7.390 

1 

1.1 

1 

Nederlcalix tingslag 

IS. 004 

4 

2,5 

4 

Tornea tingslag 

14.467 

1 

3,7 

0 

Pajala-Ivorpiloinbolo tingslag 

10.92S 

0 

0 

0 
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neglcrunKsbeKlrk 

Einwoli- 

nerzahl 

Falle von 
multipler 
SUloroso 

Frequenz- 1 
zahl 1 

Immcr an 
demselben 
Ort an- 
BUssig. 

Gnllivave lappinarks UngslaK 

20.22S 

4 

2,o 

3 

•Tukkasjarri lappinarks tfil 

1S.57C, 

1 

.o.* 

1 

Karcsunndo lappinarks tgl 

l.OSG 

0 

0 

0 

Lulcu 

11.334 

0 

0 

0 

Pi ton 

3.102 

1 

3,5 

1 

ltodcn 

(5.517 

1 

1,6 

0 

llaparamla 

2.519 

2 

S,0 

2 

Xorrliuttons Hill 

1 99.S25 

22 

1,1 

17 
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FOREWORD 


The purpose of the present work is to try to determine the diag- 
nostic value, firstly, of the Cl-ion content of the cerebrospinal fluid, 
and secondly, of the relation between the Cl-ion content of the fluid 
and that of the blood, and also to decide whether these investiga- 
tions afford more of diagnostic value than determinations of the 
sugar content of the fluid and the sugar index. 

With some interruptions, the work has been in progress during 
the last three years. The material has been obtained from the fol- 
lowing hospitals in Stockholm: Crown Princess Lovisa’s Hospital 
for Children, The Norrtull Hospital, The Children’s Hospital Sama- 
riten, The Sachs Children’s Hospital, The Stockholm Epidemic Hos- 
pital, The S:t Eriks Hospital the neurological and neurosurgical 
clinics of the Seraphim Hospital and the Stora Skondal Home for 
Epileptics. 

The investigations have been carried on chiefly at the Crown 
Princess Lovisa’s Hospital for Children. I owe a great debt of gra- 
titude to its superintent, Professor A. Lichtenstein, for his help in 
planning the work and for his kindly advice and criticism while 
it was in progress. The statistical part of the work has been carried 
out at the State Institute of human Genetics and race Biology at 
Uppsala. I have to thank Professor G. Dahlberg, its head, not only 
for the statistical working-up, but also for much valuable advice. 
I proffer my thanks to Dr G. Norberg of the Chemical Intitution 
of the Caroline Institute for his help in planning the chemical 
analyses. 

I owe a great debt of gratitude to the heads of the above hospi- 
tals, i. e. Professor A. Lichtenstein, Docent C. W. Herlitz, 
Docent N. Malmberg, Docent C. Gyllenstvard, Docent R. Berg- 
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man, Docent E. Sahlgren, Professor N. Antoni, Professor H. 
Olivecrona and Doctor R. Eeg-Olofsson, for material obtained 
from their hospitals. 

The work has been carefully translated by Lektor S. J. Charles- 
ton. 

Financial assistance has been granted by the »Therese and Johan 
Anderssons minne» foundation. 



A SURVEY OF THE LITERATURE. 
Introduction. 

Already in ancient times it was known that the ventricles of the 
brain were filled with a fluid, but the study of this fluid is of rela- 
tively recent date. In the literature from the 18th century there are 
certainly isolated statements that the central nervous system is 
laved by a clear fluid (Cotugno, 1769), but the first real study of 
the localisation of that fluid, its circulation and function are ascrib- 
ed to Magendie (1825). During the 19th century, research workers 
later than Magendie investigated the fluid, principally from animals 
and dead persons. The majority of cerebrospinal fluids from living 
persons were obtained from children with hydrocephalus, whose 
cerebral ventricles were punctured with trocars. (Conguest 1840, 
Schmidt 1850, Toisin andLENOBLE 1891,Dircksen 1901). Another 
method of obtaining the cerebrospinal fluid was to puncture the 
spina bifida (Stscherbakoff 1870, Grimbert 1891). In 1902 
Zdarek described how he obtained cerebrospinal fluid from a 
woman who was operated on for a pelvic tumour, which was found, 
however, to be a meningocele spinalis anterior and contained an 
abundance of fluid. 

An important date in the history of c. s. fluid research is the year 
1891, when Quincke introduced the lumbar puncture. A decade 
passed, however, before this method of investigation became 
generally known and employed. At first it was mainly the inter- 
nists, and later also the neurologists, that were interested in it, 
but gradually it came into use within almost all the special fields of 
medicine. 

As early as in 1906 Westenhofer conceived the possibility of a 
cistern puncture, but his suggestion was not taken up until 1919, 
when Ayer, Essich and Wegefort performed the puncture for the 
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first time. Since then this method of investigation has superseded 
lumbar puncture in many quarters. During recent years puncture 
of the ventricles has also become a clinical routine method, though 
mainly withm diagnostics for cerebral tumours. 

The chemical composition of the c. s. fluid has been the subject of 
extensive research work during the last century. As new substances 
could be proved m the fluid, and the amounts of them, in health and 
in different morbid conditions, could be determined quantitatively, 
the literature on the subject has grown and will now have attained 
vast proportions. One of the first substances that could be proved 
in the c. s. fluid was NaCl, thanks to the fact that the method for 


proving it, and its quantitative determination, at least roughly, is 
simple. 


Methods. 


The statements found in earlier, but also in more recent, litera- 
ture as to the content of Na Cl in the c. s. fluid and the blood are 
based on methods which really do not afford information as to 
the amount of NaCl but only as to the content of Cl-ions. This 
is probably of no great practical importance, but it must be 
remembered that, although the Na-ion is predominant, there are 
also other chlorides than NaCl in both the fluid and the blood. 1 

In earlier times a certain quantity of fluid was dried for chloride 
determinations, and the water-soluble salts were extracted with 
water, the chlorides being determined by means of titration with Ag 
NO s , with potassium chromate as the indicator. Subsequently 
Vollhard’s (1878) method was introduced, all the chlorides being 


* The best work on the subject is that by Abramson (1930). He found the 
following mean values for normal cases: Na 332. S nig per 100 cm 3 . K. 13.74 
mg per 100 cm 3 , Ca 5.24 mg per 100 cm 3 and Mg 2.4— 3.0 mg per 100 cm . 

Thus, according to Ricrtner and Quittner (1922), the fluid contains 
30—95 mg per 100 cm 3 of potassium and 256 — 517 mg per 100 cm 3 of sodium, 
Lickint (1926) found the Ca in the fluid to vary between 5.2 and 8.6 •mg per 
100 cm 3 , and Neal and Esslemont (1928) between 4.8 and 10.0 mg per 100 cm. 
Eisler (1928) found the following values: IC. 12.97—13.47 mg per 100 cm , 
Ca4.92— 5.C4 mg per 100 cm 3 and Mg 1.02—1.3 mg per 100 cm 3 . 

For blood the .Handbuch dcr Bioclicmic der Menschen und «er 1’ierc* 
(1936) gives (according to a table by Heubner) Na 280—320 mg per 100 cm , 
K 16— 24 mg per 100 cm 3 , Ca S— 16 mg per 100 cm 3 , Mg 1—4 mg per 100 cm . 
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precipitated as AgCl by the addition of an excess of Ag N0 3 , 
and this was titrated back with rodanid. Bang’s (1920) micro- 
method was widely used during the first decades of the 20th century, 
and many authors during the 1920’s and 1930’s used Rusznyak’s 
micro-method, published in 1920. These last two methods have 
been compared with one another by, inter alia, Jacobowsky (1929), 
who found greater errors of measurement in the latter than in the 
former. Another method very largely used is van Slyke’s, 
published in 1923, which was modified by Rehberg (1926) and 
improved by Wilson and Ball (1928). 

A method in which the final stage of the titration is obtained on 
an entirely different principle from that of the methods mentioned 
above, is the electrometric method according to E. Muller (1926). 
For determinations of the Cl-ion content this has been used by, 
inter alia , Strom (1935, blood, urine and gastric juice), Karlsson 
and Norberg (1936, blood), Sundberg (1938, milk), and Ihre 
(1938, gastric juice). In my investigations I have used the same 
method, which, as far as I can find, has not been used earlier for 
determinations of the Cl-ion content in the c. s. fluid. In the majo- 
rity of works on the Cl-ion content of the fluid, with extremely few 
exceptions, e. g., Jacobowsky (1929), the standard error of the 
method used have not been stated. 


Some circumstances who may influence the content 
of chlorides in the c. s. fluid. 

To what extent does the supply and loss of chlorides influence 
their content in the c. s. fluid? 

The extremely interesting and much discussed question of the 
physiology of c. s. fluid formation will not be taken up for closer 
examination in these pages. I would only mention that three main 
theories on the formation of the fluid have been discussed. Accord- 
ing to the first, the fluid is formed by means of the secretion of the 
cells in the plexus choreoideus, according to the second by a tran- 
sudation of the constituent parts of the blood through the vessel 
walls, and according to the third by a dialysis, the wall between the 
blood and the fluid being said to be a semipermeable membrane, and 
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the transmission of dissolved substances being regulated accords 
to physico-chemical laws. Which of these theories is correct has 
not been elucidated. There is a general tendency to accept the 
last-mentioned theory (cf. for example, Walter 1929). Even 
though an activity more or less resembling a secretion plays a part 
in the formation of the fluid, the diffusion processes will inevitably 
assert themselves, at any rate so far as secretion processes are played 
off against diffusion processes. For such an easily diffusible sub- 
stance as NaCl the Donnan effect must assert itself, at least to a 
certain degree, and there must be a diffusion balance, although 
naturally it need not be perfect, between the blood and the fluid. 
This is the reason why many authors have determined the relation 
between the chlorides in the fluid an the blood, and considered that 
quota to have a greater value than the content of chlorides in the 
fluid alone. One therefore aslcs oneself in what degree factors which 
influence the quantity of Cl-ions in the blood (e. g. the supply of 
NaCl, the loss of chlorine owing to vomiting, diarrhoea, sweating, 
the tapping of ascites and pleura exudates) also influence the 
chlorides in the fluid. The statements on the subject which I have 
been able to find in the literature are meagre. 

Tschilow and Saprjanoff (1932) examined the chloride con- 
tent of the blood and the c. s. fluid in 18 cases of various nervous 


diseases. The patients were then given 10 g of NaCl per os, and, 
after periods varying between 1 hour 25 minutes and 8 hours 25 
minutes, the chloride examinations were repeated. It was found 
that in 10 cases the chlorides in the blood had increased and in 11 


cases in the fluid, and that no agreement between the increase in the 
blood and that in the fluid could be established. The authors draw 
the conclusion that there is a certain amount of independence 
between the chloride content of the blood and that of the fluid. The 
objections may be raised against this conclusion firstly, that the 
material on which the authors base their conclusions is somewhat 
scanty and secondly, that the conclusion is somewhat diffusely for- 
mulated. A statement that there is a certain amount of indepen- 
dence does not contribute very much to elucidating the situation, 
unless a definite expression for the extent to which the fluid is 
dependent on the blood can be obtained. In other words more 
definite numerical information is called for. 
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Kubie and Schults’ (1925) experiments on dogs are interesting. 
During cistern drainage 6.5 g of NaCl were administered intra- 
venously in hypotonic solution, and specimens of blood and c. s. 
fluid were taken every 10 minutes. It proved that the Cl-ion con- 
tent of the blood hardly changed during the hour following the in- 
jections. On the other hand the Cl-ion content of the fluid decreased, 
in one case from 698 to 607 mg per 100 cm 3 and in another case 
from 725 to 687 mg per 100 cm 3 . The authors state that this great 
decrease is due to the following circumstances: By the administra- 
tion of the hypotonic solution the blood proteins are diluted. In 
conformity with Donnan’s law the Cl-ions are carried from the 
tissues of the body and from the c. s. fluid to the blood, so that the 
Cl-ion content of the latter remains fairly constant, while the Cl-ion 
content of the fluid decreases. If a hypotonic glucose solution is 
given intravenously the Cl-ion content of both the blood and the 
fluid decreases and subsequently increases slowly. This restoration 
of the Cl-ion content takes place more slowly in the fluid than in the 
blood, which, according to the authors, is due to the specimens of 
the fluid not having been taken from the place where the fluid is 
formed, but from the cisterna magna, which the fluid requires a 
certain time to reach. The author’s conclusion is: On the whole 
the concentration of chloride and glucose in the fluid follows the 
concentrations of the substances in the blood. This conclusion is also 
formulated vaguely. That the concentrations follow each other on 
the whole implies that they are dependent on each other, which of 
course does not exclude their being, in fact, to some extent indepen- 
dent of each other. In other words, the conclusion is all too in- 
definite, and just because definitive conclusions have not been 
reached, it may be claimed that Kubie and Schults’ experiments 
do not conflict with Tschilow and Saprjanoff’s results. 

Dobreff and Saprjanoff (1932) established permanent drain- 
age in five cases of nervous diseases. The patients had not partaken 
of food for 12 hours, and during the experiment, which lasted for 
24 hours, did not even drink any water. During the 24 hours of the 
experiment the chloride, sugar, and leukocyte contents of the c. s. 
fluid were examined 8 times. It was found that, during the night 
and the morning hours, the chloride content was lower than during 
the later part of the 24 hours. The greatest day variation in the 
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chloride content amounted to about 10 %. The curve for the sugar 
content during the 24 hours for the fasting patients was on the whole 
a reflection of the curve for the Cl-ion content, i. e. with high 
night and morning values. To what extent the permanent drainage 
affected the Cl-ion and sugar contents cannot be judged. The 
chloride values obtained are extremely high (c. 800 — 900mgNaCl 
per 100 cm 3 ), and do not agree with what other investigators 
have found for these diseases. 

Is there any difference in the chloride content of the lumbar, cistern 
and ventricle fluids? 

Although it is not yet fully elucidated where the c. s. fluid is 
formed, all appear to be agreed that the Plexus Choriodeus is its 
main source. The fluid flows from the lateral ventricles of the brain 
through the Foramen Monroi to the 3rd ventricle, through the 
Aqueductus Sylvii to the 4th ventricle, and through Luschke’s fora- 
men and Magendie’s foramen to the Cisterna Magna, and then up 
into the subarachnoidal spaces on the convexity of the brain and also 
down into the spinal canal. It is considered that the fluid is absorbed 
chiefly through the Villi Arachnoideus and the lymphatic spaces, 
both in the brain and in the spinal canal. Owing to these circum- 
stances it is a priori hardly probable that the composition of the 
fluid is identically the same in all parts of the fluid-conveying spaces. 
Thus, according to several authors (Cestan, Riser and Laborde, 
1923, Malykin, 1930) the cell and albumin contents clearly in- 
crease in the order, ventricle, cistern and lumbar fluids, while the 
sugar content show's a contrary state of things. The following 
investigations throw 7 light upon the question as to whether there is 
any difference between the ventricle, cistern and lumbar fluids con- 
cerning the NaCl content. 

Cestan, Riser and Laborde (1923) state that in a healthy per- 
son both the ventricle and lumbar fluids contain 730 mg per 100 cm 3 
of NaCl. Fremont-Smith and Dailey (1925) found the same 
chloride concentration in the ventricle, cistern and lumbar fluids 
in one person. Stewart (1928) examined the lumbar and cistern 
fluids in 35 healthy children and found that the mean content of 
Na Cl in the former was 706 mg per 100 cm 3 and in the latter /07 mg 
per 100 cm 3 . In 9 cases he examined the lumbar, cistern and 
ventricle fluids and found the content of NaCl to average 681, 682 
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and 681 mg per 100 cm 3 respectively. Malyicin (1930) examined, 
inter alia, 14 cases of meningitis and found that the Cl-ion concen- 
tration was lower in the lumbar than in the cistern fluid. With 
fractional lumbar puncture in 7 pathological cases Haug and 
Gottke (1933) found, in 5 cases, the first, and, in two cases, the 
last fluid evacuated poorer in chlorides. In 11 cases with normal 
fluids and 1 case with slight pathological changes in the fluid, 
Leipold (1935) found the lumbar fluid richer in chlorides than the 
cistern fluid in all the cases but one. The difference amounted to 
between 4 and 35 mg per 100 cm 3 of NaCl. Christiansen (1936) 
examined 33 cases of suspected or definite cerebral tumours. 25 
of these had been punctured in the ventricle and 8 in the cistern. 
The NaCl content averaged 734.5 mg per 100 cm 3 in the former 
and 724.7 mg per 100 cm 3 in the latter. The dispersion in his figures 
is great. The investigation affords no support for the claim that 
the Cl-ion content is different in the ventricle and cistern fluids. 

From the above it appears that statements about the content of 
Cl-ions in the ventricle, cistern and lumbar fluids differ and to some 
extent contradict each other. Stewart’s (1928) investigations appear 
to me to be most reliable. He found no difference in the Cl-ion con- 
tent of the fluids mentioned. His material is considerable and 
comprises healthy children (»each was examined carefully))). The 
method employed is not stated, however, and consequently the 
margins of error are not known. Above all, this investigation indi- 
cates that there is no great difference between the Cl-ion content 
of the cistern fluid and that of the lumbar fluid; but the investiga- 
tions made hitherto do not exclude the possibility of small differen- 
ces, so that the problem may deserve further investigation. 

Age and the Cl-ion content of the c. s. fluid. 

From investigations, in the first place those by Waitz (1928) 
and Samson (1930), it is known that in the new-born and also during 
the child’s first months of life, the c. s. fluid is more abundant in 
cells and albumin, has a higher albumin coefficient, and in general 
a more varying and lower sugar content, than in older children 
and adults. Not until the latter part of the first six months of 
life has the fluid the same composition as that of adults in the 
respects mentioned. With regard to the content of NaCl in the 
fluid during the first year of life in children, Samson (1930) 
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states that, during the new-born period, it is low, and that values 
down to 640 mg per 100 cm 3 are not rare. During the child’s 
first three months the NaCl content varies between 640 and 720 
mg per 100 cm 3 though the low values are rare. Stewart (1928) 
examined healthy children of different ages and found the following 
values for the lumbar fluid: The new-born period (1 case) 670 mg 
per 100 cm 3 , first three months (9 cases) average 688 mg per cm 3 , 
4—6 months (4 cases) average 705 mg per 100 cm 3 , over 6 months 
(36 cases) average 715 mg NaCl per 100 cm 3 . The correlation 
between age and the chloride content of the fluid in these 36 cases 
is = 0.32 ± 0.15, and thus, according to this investigation, there is 
no significant correlation. I have not been able to find any other 
investigations into the correlation between the Cl-ion content of the 
fluid and the patient’s age (if the high ages when arteriosclerosis 
asserts itself are excluded. However, Walter (1929) states that 
even during the later part of life the chemical composition of the 
fluid is not changed). As, after the age of 6 months, the fluid does 
not differ in all the respects investigated from that of older children 
and adults, there is no reason whatever to suppose that the Cl-ion 
content of the fluid forms an exception. 


The chloride content of the c. s. fluid according to 
old investigations. 1 * 

In the introduction it was mentioned that it has been known 
for a very long time that the c. s. fluid contains NaCl. As the 
methods for its quantitative determination have been improved, the 
results have naturally become more certain. Investigations from 


i The content of chlorides in the fluids of the body are sometimes given in 
the literature as mg NaCl per 100 cm 3 , which, as has been mentioned above, is 
not quite correct, sometimes as mg chloride per 100 cm 3 , and sometimes as 
mmol of Cl-ions. I recall the following fact: the molecular weight of Na 
is 23.0, of Cl 35.5 and thus of NaCl 58.5. To recalculate from mg NaCl per 100 
cm 3 to mg chloride per 100 cm 3 , multiply by and from mg chloride per 100 

. cm 3 to mmol Cl-ions multiply by 1/3.55. 

It has been most usual to give the chloride content as mg NaCl per 100 
cm 3 . For the sake of surveyability I have therefore, both above and in the 
continuation of the review of the literature, retained this method of indicating 
the chloride content and recalculated mg chloride per 100 cm 3 and mmol of 
Cl-ions to mg NaCl per 100 cm 3 . On the other hand, in the results of my 



Table 1. 

The NaCl content of the c.s. fluid according to old investigations. 


Author 

Year 

Diagnosis 

No. of 
cases 

NaCl in 
mg per 
100 cm 3 

Remarks 

Conquest 

1840 

Hydropcephalus 

19 

845 


Schmidt 

1850 

Hydropcephalus 

2 

868—882 

As »inorganic 






substance# 

Stschf.rbakoff 

1S70 

Spina bifida 

1 

542—688 

On 3 different 






occasions 

Toison and Lenoble 

1891 

Hydrocephalus 

1 

830—850 

On 2 occasions. 

n ft 

ft 

Skull injury 

1 

875—880 

As »inorganic 






substance#. 

Grimbebt 

ft 

Spina bifida 

1 

CC9 


Deniges and Sabrazes 

1S9G 

Meningitis the. 

3 

590-600 


ft ft 

ft 

Rabies 

1 

590 


Dibcksen 

1901 

Healthy indivi- 






dual 

4 

550 — 575 


ft 


Various diseases 

23 

525 — 675 


Abchard, Laeper and 

ft 

Various diseases, 




Laubry 


mainly »pain in 






the hip#, shingles 






and meningitites 

45 

525— 7CG 


MONOD 

1902 

9 

? 

700—800 


Zdarek 

1902 

.Meningocele 






spinal, ant. 

i 

700 


Noubecourt and Voisin 

1903 

Various diseases 

12 

715—792 


» 

ft 

Congenital syphi- 






lis 

25 

673—840 

New-born 

> 

ft 

Otitis 

14 

777—790 


. 

ft 

Meningitis the. 

7 

594—694 


9 ft 

ft 

Bronchopneu- 






monia 

25 

670—820 


Voisin, J. and R. 

1910 

Epilepsy 

24 

678—796 



investigations I have, like Hamilton (1925), Fremont-Smith and co-workers 
(1931) etc., and in conformity with the present usage within chemistry given the 
Cl-ion content in mmol. In the conclusions, however, the mmol figures have 
been converted into figures representing mg NaCl per 100 cm 3 . This has been done 
so that the results of earlier investigators may be easily compared with mine. 

For comparisons of the chloride content of the c. s. fluid and that of blood, 
a number of authors have determined the latter in serum, others in whole blood. 
The difference in the content of chlorides in scrum and blood is substantia], since 
the red blood corpuscles contain considerably less chlorides than does serum. 
{According to van Slyke, Wu and McLean (1923)] the NaCl content of the 
red blood corpuscles is about 50 %, and according to Snapper (1913) about 
40 % of the content in serum. 
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the 19th century and the first part of the 20th century really dealt 
only with pathological cases. These investigations are now prin- 
cipally of historical value, but their results are collocated below in 
tabular form. 

It is seen from the table that the figures of different authors for 
the NaCl content of the c. s. fluid vary very considerably. The 
approximate NaCl content can be seen, however, and it may be 
observed that it is reduced in a number of pathological cases and 
possibly increased in others. For example, Dircksen (1901) 
divides his material into normal cases (550—600 mg NaCl per 100 
cm 8 ), diseases accompanied by reduced NaCl contents e. g. menin- 
gitis, tbc., hydrocephalus, paralysie generale, variola (525—575 
mg NaCl per 100 cm 3 ), and diseases accompanied by an increased 
NaCl content, e. g. eclampsia, uraemia, pneumonia, typhus (605— 
675 mg NaCl per 100 cm 3 ). 

The chloride content of the c. s. fluid and its relation 
to the chloride content of blood and serum in the 

normal condition. 

The investigations which have been carried out on the chloride 
content of the c. s, fluid from healthy persons are somewhat few in 
number, for the simple reason that it has not been considered that 
lumbar and cistern punctures ought to be performed on perfectly 
healthy persons. 

In his monograph of 1919 on the lumbar fluid, Eskuchen states 
that the NaCl content of the fluid is normally 725—750 mg per 
100 cm 3 and may amount to 800 mg per 100 cm 3 . He does not say 
upon what investigations his statements are based. Richtner- 
Quittner (1922) examined 3 »norma! cases» and found the NaCl 
content of the fluid to vary between 606 and 698 mg per 100 cm 3 . 
Csaki (1924) employed Koranyi-Rusznyak’s micromethod in 20 
normal cases (»hauptsachlich negativer Luesverdaeht und funk- 
tionelle Nervenfalle»). His values lie between 684 and 731 mg per 
100 cm 3 . Nowicke’s (1924) 25 adult women, who had been operated 
for gynecological tumours under lumbar anesthesia, and 2 healthy 
children, showed NaCl values in the fluid varying between 710 and 
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760 mg per 100 cm 3 . Lickint (1928) bases himself on a material 
which, as far as I have been able to find, is the largest which has 
been published (450 lumbar fluids examined). 70 of the patients 
were »praktisch als normal zu bezeichnenden Fallen». They exhibit- 
ed a NaCl content between 704 and 787 mg per 100 cm 3 , and the 
majority one between 720 and 775 mg per 100 cm 3 . The mean figure 
was 741 mg per 100 cm 3 . He employed a modification of Voll- 
hard’s method worked out by Neubauer. A work published by 
Fremont-Smith, Dailey, Merritt, Carroll and Thomas (1931) is 
based on a large material of cerebrospinal fluids (240). 22 of their pa- 
tients who had normal fluids and had fasted for 9 hours, exhibited a 
NaCl content varying between 696 and 746 mg per 100 cm 3 . The 
mean figure was 726 mg per 100 cm 3 . None of the patients were 
considered healthy, and their diagnoses were extremely varied 
(pulm. tuberculosis, epilepsy, syphilis in the central nervous sys- 
tem, diabetes insipidus, etc.). Caffey, McLean and Sullivan 
(1927) found the NaCl content to vary between 675 and 750 mg per 
100 cm 3 (the number of cases not indicated). Hendry (1939) 
examined 40 children, who showed no signs of meningeal irritation 
but were suffering from, inter alia, vomiting, diarrhoea, convulsions. 
The NaCl in the fluid varied in these cases between 635 and 770 
mg per 100 cm 3 . 

Definitely the best investigation is Stewart’s (1928), on 50 
children who were examined carefully and found to be entirely 
healthy before the lumbar punctures. The mean figure for them all 
was 709 mg per 100 cm 3 . 36 of them were between 6 months and 12 
years of age, and in them the NaCl content of the fluid varied 
between 679 and 763 mg per 100 cm 3 and averaged 715 mg per 
100 cm 3 . 

As appears from the above, statements as to the NaCl content 
of the fluid in normal cases varies roughly between 600 and 800 
mg per 100 cm 3 . These wide limits will be largely due to the fact that 
ideas vary as to the conditions for what can be called normal cases. 
The material of Fremont-Smith and his co-workers (1931) does not 
of course satisfy the conditions, and their statements have only 
been included because they are often cited in the literature. None 
of the authors referred to have indicated what examinations were 
made before the patients were declared healthy, nor have they 
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described the details of the investigation arrangements (how the' 
puncturing needles were boiled, how long and in what manner the 
fluids were stored before they were examined, etc.), and further, they: 
have not mentioned whether double tests were taken, nor the' 
standard error of the methods employed. In my opinion Lickint’s' 
(1928) and Stewart’s (1928) investigations appear to be most 
reliable. As has been mentioned, they found the average figures 
for the NaCl content of the c. s. fluid to be 741 and 715 mg per 
100 cm 3 respectively. 

If it is difficult to obtain correct information as to the chloride 
content of the c. s. fluid in healthy persons, it is still more difficult 
to obtain it about the relation between chlorides in the fluid and in 
the blood. Of the authots cited above, CsAki (1924) states that the 
chloride content of the fluid is c. 25 % higher than in serum. 
Lickint (1928) made c. 2,000 NaCl determinations in serum and* 
found the normal values to vary between 570 and 630 mg per 100 
cm 3 . As, according to his investigations, the NaCl content of the 
fluid is on an average 741 mg per 100 cm 3 , the relation between 
chlorides in fluid and serum would normally vary between 1.18 and 
1.30. According to Fremont-Smith and co-workers (1931) the 
average figures for the NaCl content in the fluid is normally 725 
per 100 cm 3 and in serum 592 mg per 100 cm 3 . Thus, according to 
these authors, the relation between chlorides in fluid and in serum is 
on an average 1.22. In Walter’s (1929) much quoted work on the 
blood-fluid barrier this relation is said to be 1.25. 

Hendry (1939) calculated the relation between the chloride 
content of fluid and blood (thus not serum) for his patients and 
found that it varied between 1.32 and 1.91, and averaged 1.59. 
As has been mentioned above, Stewart’s (1928) statements on the 
normal chloride content of the fluid are, in my opinion, the most 
correct and, according to them, the NaCl content varies between 
679 and 763 mg per 100 cm 3 and averages 715 mg per 100 cm 3 in 
children over 6 months of age. Stewart did not determine the NaCl 
in the blood. According to Strom (1935), in 35 children it varied 
between 489 and 554 mg per 100 cm 3 and averaged 524 mg per 
100 cm 3 . The relation between the chloride content of the fluid 
(according to Stewart) and of the blood (according to Strom) thus 
averages 1.36. This method of calculating the relation thus gives a 
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considerably lower value than the one calculated with Hendry's 

1& The index which we have arrived at cannot, of course, make any 
claims to a high degree of exactitude. The values are taken from 
different authors, who employed different methods. Consideration 
must also be paid to the fact that an index obtained by placing two 
average figures in relation to each other will not necessarily give the 
same result as that obtained by calculating the index for a number 
of individuals and taking the average figures for them. If there is a 
correlation between the values, a divergent results is obtained, and 
it is difficult to give any decided expression of opinion as to the 
significance of this source of error. 


The chloride content of the c. s. fluid, the blood- 

chloride and serum-chloride indexes in morbid 

conditions. 

Opinions are divided as to the diagnostic value of the chloride 
content of the c. s. fluid. Many consider the examination of no great 
significance while others attach great importance to it. For instance, 
CsAki (1924) asserts that in meningitis cases it is of greater import- 
ance than determinations of the sugar; and, according to Fow- 
wetter (1930), a reduction in the chloride content of the fluid may 
be the first change in the fluid in a case of meningitis. As is shown 
below, studies of the literature afford definite support for the claim 
that in many cases the examination affords information which is of 
value for the diagnosis. In the Scandinavian countries, determina- 
tions of the chloride content of the c. s. fluid have attracted but little 
attention, and the only person, as far as I can find, who have 
occupied themselves with them are Jacobowsky (1929) at Uppsala 
and Christiansen (1936) in Copenhagen. 


Tuberculous mcningiks. 

From a number of investigations it is known that the content of 
^des_m the blood is reduced in tuberculosis, (Boenheim (1921) 

by ioo, the scrum-chloride indcxl^ ^ U ’ C nnd in smnn > ""^ipUc'cl 
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Brieger(1925)], and the same condition was observed in the c.s. 
fluid at an early date (see Table 1). During the course of years this 
observation has been confirmed in different countries. In table 2 I 
have endeavoured to collocate the best investigations made during 
the last 20 years. 

As the NaCl content of the c. s. fluid is normally c. 700 mg per 
100 cm 3 , it appears from the table that all the authors found low 
values in tbc.-meningitis, and the majority agree that no other 
disease causes such a great reduction as tbc-meningitis. Many have 
believed also that in this chloride content they had found a pathog- 
nomonic symptom of tbc-meningitis. The value the NaCl content 
must have, if it is to be a definite sign of tbc-meningitis, is 620 
mg per 100 cm 3 according to Mestrezat (1912), 600 mg per 100 cm 3 


Table 2. 


The NaCl content oj the fluid in tuberculous meningiles. 


Author 

Year 

Number 
of cases 

NaCl in mg per 100 cm 3 

Brogsitter and Krmjss 

1923 

2 

560, 810 

Nowika 

1924 

60 

510 — 680 average 595 

CsAki 

1924 

9 

454—642 

Mestrezat 

1924 

? 

505—660 

Tudos and Ebel 

1927 

4 

620—670 

Lickint 

1928 

9 

593—720 

Neal and Esslemont 

1928 

25 

500—720 average 613 

Scharawsky and Mandelboim 

1929 

4 

490—620 

Stary, KRALand Wintehnitz 

1929 

2 

538—627 

Prunell 

1935 

23 

504—687 

Martin, Mach and Junet 

1936 

6 

576—700 

Ingham 

1937 

84 

420 — 550 average 510 

Hendry 

1939 

28 

549—757 


according to Prunell (1935), 590 mg per 100 cm 3 according to 
Nowicka (1924), and 550 mg per 100 cm 3 according to Ingham 
(1937). For purposes of comparison Ingham examined 26 cases of 
non-tuberculous meningitis, and none of them had lower NaCl 
contents than 580 mg per 100 cm 3 . In contrast to this, Lickint 
(1928) found that the NaCl content is no lower in tbc-meningitis 
than in epidemic meningitis, and that a normal content of NaCl in 
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the fluid does not exclude the possibility of a tbc-meningitis. 
Hendry (1939) takes a similar view. These differing conceptions 
may possibly be due to the patients of the various authors having 
been examined in different stages of their illnesses. 

As the tuberculous meningitis progresses, it is to be expected 
that NaCl in the fluid will decrease. Csaki (1924) examined 3 of 
his cases several times and found that the content of the NaCl fell 
from 589 to 577 mg per 100 cm 3 (in one day), from 642 to 558 mg per 
100 cm 3 (in 5 days), and from 641 to 454 mg per 100 cm 3 (in 
13 days). Mestrezat (1924) also found that the curve for the 
chloride content falls gradually to the extremely low values during 
the course of the illness. In 5 of Martin, Mach and Junet s 
(1936) 6 cases the chloride content of the fluid fell in the same 
way. 

Neale and Esslemont (1928) and Hendry (1939) arrived at a 
different conclusion. The first-named authors found that in 10 of 
their cases the chlorides in the fluid were low at first but definitely 
rose at the end of the illness, and in the majority of cases reached 
normal values (it is not stated what the conditions were in the 
authors’ other 15 cases) Hendry (1939) examined 22 of his cases 
at least twice and found that in 13 of them the chlorides in the fluid 
had increased. 

At the same time as, or probably before (sec below), the reduc- 
tion of the chloride content of the fluid, a decrease in the chloride 
content of the blood also takes place. The content of NaCl in serum in 
tbc-meningitis is given by the following authors as: Csaki 481—505 
mg per 100 cm 3 , Prunell 473—558 mg per 100 cm 3 . The content 
of NaCl in whole blood in tbc-meningitis cases was found by Neal 
and Esslemont to he 359— 510 mg per 100 cm 3 , and by Hendry 
(1939) 313 — 497 mg per 100 cm 3 . All the authors mentioned thus 
found that the chloride content of serum and blood is reduced in 
tbc-meningitis cases. 

The above-mentioned so-called serum-chloride index and blood- 
chloride index indicate whether the reduction in c. s. fluid and 
serum and blood respectively takes place proportionately. In 2 
cases Stary, Kral and Winternitz (1929) found the serum- 
ci oride index to be 116 and 118 respectively, Prunell (1935) 109 
and 116 and Martin, Mach and Junet (1936) 1 12 and 131. Neal 
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irn ES ft EM ° NT (I928) f0und thc bl ood-chIoride index to be 129- 
159 and Hendry (1939) 122 — ISO. 


Summary: In tbc-meningilis thc chloride content is reduced 
m the c. s. fluid, and it is often lower than in any other illness. The 
chloride content is also clearly reduced in the blood. The serum- 
chloride and blood-chloride indexes therefore do not diverge from 
the normal. In certain cases the investigations which have been 
adduced arc based on large materials, but the latter have not been 
subjected to detailed statistical analysis. It has been established 
in principle that changes are met with, but the detailed course and 
thc variability have not been investigated. 

Bacterial mcningiks . 1 


In bacterial meningitis cases the majority of authors have found 
a low chloride content in the c. s. fluid, though not so greatly reduced 


Table 3. 


The NaCl content oj thc c.s. fluid in cases of bacterial meningitis. 


Author 

Year 

Bacteria 

No. of 
cases 

NaCl in mg 
per 100 cm 3 

Mestrezat 

1021 

? 

? 

640—680 

CsAki 

1924 

Meningococci 

1 

509—659 

Nowick a. 

Caffey, Mac Lean and 

1924 

t 

7 

590—700 
(average 656) 

Sullivan 

1927 

1 

30 

500—725 

McMillan and Race 

1927 

* 

1 

570—655 

Lickint 

1928 

. 

19 

60S— 757 


» 

Pneumococci 

3 

605—747 

♦ 

1 

Streptococci 

2 

576—763 

> 

» 

Staphylococci 

2 

680—689 

. 

» 

Influenza bacilli 

1 

584 

Neal and Esslemont 

1928 

Meningococci 

G 

615—706 
(average 664) 

9 9 

ScrtAnAWSKY and Max- 

» 

Pneumococci 

7 

634—686 
(avenge 664) 

deluoim 

1929 

Meningococci 

4 

480—680 

Ingham 

193 7 

? 

26 

580—690 
(average 633) 

Hendry 

1939 

Meningococci 

14 

585—716 


1 By tliis will be understood in what follows all cases of meningitis in which 
bacteria have been established in the c. s. fluid, except tbc-meningitis cases. 
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as in tuberculous meningitis cases. . Nowucica (1924), Neal and EsSle- 

MON t (1928) and Ingham (1937) give the average figure for the 
NaCl content in the c. s. fluid in bacterial meningitis cases as. 6 d6 
mg per 100 cm 3 , 664 mg per 100 cm 3 and 633 mg per 100 cm 3 res- 
pectively, while — as has been mentioned above — the same authors 
■found the corresponding average figures for tbc-meningitis cases 
to be 595 mg per 100 cm 3 , 613 mg per 100 cm 3 and 510 mg per 100 
-cm 3 respectively. 

In table 3 I have given the NaCl content of the fluid according 

,to a number of authors. ' ' 

' The range of the variation for the chloride content must 
•naturally be large, as the fluid was examined in extremely varying 
.stages of the illness. 

• The prognostic value ofdjie chloride examination has been dealt 
with by many authors. CAFKEY.and co-workers 1927 found that the 
-NaCl content of the fluid in 24-cases of meningococcal meningitis 
•which recovered before the treatment with ' serum had begun, 
averaged 644 mg per 100 cm 3 , while the average figure for the 6 
patients who succumbed was only 629 mg per 100 cm 3 . They 
found, further, that the chlorides in the fluid rose gradually in the 
recovering patients, and that they reached the normal value c. 6 
days after the beginning of the treatment. Lickint (1928) men- 
tions a fatal case in which the NaCl content gradually fell from 739 
to 608 mg per 100 cm 3 , and another case, which , recovered, where 
the NaCl content rose from 696 to 740 mg per 100 cm 3 . He gives a 
warning, however, against attaching too much importance to the 
investigation, as rises in cases with a favourable course and decreases 
in cases with an unfavourable course are by no means 100 per cent; 
He points out, however, that the investigation is of at least of as 
great importance as the sugar investigation, perhaps of greater 
importance. Neal and Esslemont (1928) describe a .case of pneumo- 
coccal meningitis in which the chlorides in the fluid. increased to nor- 
mal values at the same time as the patient’s condition improved 
greatly. After 9 days the patient disimproved rapidly, and the 
pathological findings in the fluid increased. The chloride content of 
the fluid decreased rapidly until the patient died. Two cases of 
meningococcal meningitis which recovered exhibited an increase of 
chlorides in the fluid, while they fell steadily in two fatal cases. 
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McMillan and Race (1927) made repeated lumbar punctures on a 
case of meningococcal meningitis which recovered, The number of 
cells decreased greatly, and the sugar index rose on the whole, while 
the chlorides in the fluid were approximately unchanged. Thus, 
no prognostic value can be ascribed to the investigation in this case! 

The determination of blood-chloride and serum-chloride indexes 
in cases of bacterial meningitis has not attracted any great interest. 
In one case of meningococcal meningitis, Neal and Esslemont 
(1928) found that the decreases in the chloride content of the fluid 
and blood were approximately proportionate. Hendry (1939) 
determined the blood-chloride index for 13 cases of meningococcal 
meningitis and found that it varied between 124 and 183 and 
averaged 149. In normal cases this author found that the blood- 
chloride index varied between 132 and 191 and averaged 159. 
Hendry’s investigation might possibly indicate that the chlorides 
decreases more in the c. s. fluid than in the blood in cases of meningo- 
coccal meningitis. The index determinations will hardly be of any 
great diagnostic or prognostic value. 

In the literature there is no evidence that certain bacteria give 
rise to an especially low chloride content in the c. s. fluid (see table 3). 

Summary: In cases of bacterial meningitis the chloride content 
is reduced in the c. s. fluid. Its determination has a certain diag- 
nostic value. Blood-chloride and serum-chloride indexes will have 
no definite value. There is no evidence that certain bacteria give 
rise to a lower chloride content in the fluid than others. 

Aseptic purulent meningifes. 

These meningitis cases often have unknown etiologies and 
usually have a benign course and exhibit pleocytosis, increased 
albumin and normal sugar content in the c. s. fluid. The chloride 
content of the fluid in Csaki’s (1924) two cases was 680 and 674 mg 
per 100 cm 3 . Scharawsky and Mandelboim (1929) mention 8 
cases, of which four had normal and four reduced (630 680 mg 
per 100 cm 3 ) NaCl contents in the fluid. 

Poliomy elites. 

In cases of this disease Fremont-Smith and Ayer (1927) and 
Lickint (1928) found normal or slightly reduced chloride content in 
the fluid. In the last-mentioned author’s 11 cases the values varied 
between 688—781 mg per 100 cm 3 and averaged 730 mg per 100 cm 3 . 
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According to Torok (1933, 16 cases) the NaCl content may be 
somewhat reduce, normal or even somewhat increased, in the pre- 
paralytic stages of the illness. A number of authors mention isolated 
cases, of whom the majority have a chloride content lying within 

the normal limits. 

Tumours in the central nervous system. 

The following authors state that, in cases of cerebral tumours, 
the chloride content of the c. s. fluid is normal: Brogsitter and 
Krauss (1923, 2 cases), CsAki (1924, 1 case), Neal and Esslemont 
(1928, 9 cases), Stary, Kral and Winternitz (1929, 2 cases). Of 
Lickint’s 8 cases 2 had reduced, 5 normal and 1 increased chloride 
contents, and of Scharawsky and Mandelboim’s 9 cases 5 had 
reduced and the other 4 normal chloride contents in the fluid. 
Christiansen (1936) has a material of 13 cerebral tumours, in 
which the ventricles were punctured. The NaCl content of the 
ventricle fluid varied between 681 and 747 mg per 100 cm 3 and 
averaged 734 mg per 100 cm 3 . The normal value for the ventricle 
fluid is not known, hut it will probably lie between the extreme 
limits here given by Christiansen. 

The chloride content of the c. s. fluid will therefore be of no 
assistance for the diagnosis of cerebral tumours. 

Other diseases in t he central and peripheral nervous systems. 

Epilepsy: The chloride content of the c. s. fluid has in general 
been found to be normal, and is 715 — 727 mg per 100 cm 3 according 
to Csaki (1924, 2 cases of Jacksonian epilepsy), 714 — 738 mg per 
100 m 3 according to Fremont-Smith and Dailey (1925, 11 cases), 
684—743 mg per 100 cm 3 according to Hamilton (1925, 16 cases), 
709—790 mg per 100 cm 3 according to Lickint (1928, 10 cases, of 
which 2 were considered to have somewhat increased and the others 
normal chloride contents), 725 — 769 mg per 100 cm 3 according to 
Neal and Esslemont (1928, 2 cases), 700—730 mg per 100 cm 3 
according to Scharawsky and Mandelboim (1929, 3 cases). The 
only investigator, as far as I can find, who determined the chloride 
content of the fluid during attacks is Hamilton (1925), who per- 
formed lumbar punctures on 2 patients, one during an attack of petit 
mal, the other in immediate association with a general attack of 
convulsions. In neither of these 2 cases did the chloride content of 
e fluid differ from those of the other epilepsy patients. 
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'■ Thc . Senes of cases or isokted cases of sclerose enplaque, lues in 
the central nervous system, amytrophic lateral sclerosis, bulbar para- 
lysis, alaxia, etc., more or less unusual nervous diseases, show a 
normal chloride content in the c, s. fluid, although inconsiderable 
divergencies both upwards and downwards are met with. Bbog- 
siTTEn and Kkauss (1923), CsAici (1924),- Niina (1925),’ Regan 
and Guinness (1927), Lickint (1928), Scharawsky and Mandel- 
boim (1929), Stary, Kral and Winternitz (1929), Fremont- 
•Smith and co-workers (1931). 

Stary and co-workers (1929) mention 9 cases of dementia praecox 
which had an average chloride content of 73 1 mg per 100 cm 3 in the 
fluid. 

Lickint states that in 8 cases of commotio cerebri 2 had somewhat 
increased and others normal chloride contents in the fluid. Accord- 
ing to Fremont-Smith and co-workers, one case of fracture of the 
skull with hemorrhage had 660 mg per 100 cm 3 NaCl in the fluid, 
and the NaCl content in 2 cases of subarachnoidal hemorrhage was 
713 and 723 mg per 100 cm 3 respectively. Intracranial hemor- 
rhages can thus give rise to a reduced chloride content of the fluid. 

Renal diseases. 

There has been considerable discussion as to whether the general 
retention of chlorides which may be met with in kidney diseases 
reveals itself in the form of a reduced or increased NaCl content of 
the c. s. fluid. According to Mestrezat (1924) in uraemia and similar 
conditions it varies between 750 and 900 mg per 100 cm 3 . Neuda 
(1923) also found a high chloride content in the fluid in uraemia, but 
on the other hand a low content in chronic nephritis. Csaki’s (1924) 
4 cases of nephritis had a NaCl content of 708 — 813 mg per 400 cm 3 . 
Lickint (1928) gives 10 cases of nephritis without uraemia in 
which the NaCl in the fluid varied between 694 and 816 mg per 
100 cm 3 (1 case low, 1 case at the lower and 4 cases at -the upper 
limit for the normal; 4 cases clearly increased). In 25 cases of 
uraemia the NaCl content of the blood was 554—944 mg per 100 cm 3 
(5 cases low, 10 cases normal, 10 cases obviously increased). 7 
cases of eclampsia had a NaCl content of the fluid varying between 
717 — 792 mg per 100 cirf (6 normal and 1 increased). Among 
Fremont-Smith and co-workers (1931) 10 cases of chronic kidney 
disease, the chloride content was low in 1 case, normal in 7 cases, and 
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somewhat increased in 2 cases; and of 5 cases of uraemia 1 had low, 

o normal and 2 increased chloride contents in the fluid. 

Thus in chronic kidney diseases the chloride content of the fluid 
may be either low, normal or increased. 


The sugar content of the fluid and the sugar index in 
normal and morbid conditions . 1 


The sugar content of the c. s. fluid is higher in cistern than in 
lumbar fluid. This difference is very inappreciable, however, and 
will probably be of no practical significance. In the ventricle fluid 
the sugar content is considerably higher than in the cistern and lum- 
bar fluids (Fremont-Smith and Ayer 1927, Stewart 1928, Sam- 
son 1931). During the first 6 months of life the sugar content is in 
general higher than during the remainder of life. During the second 6 
months of life the sugar content varies a great deal, but remains on 
approximately the same level as in older children and adults 
(Samson 1931). 

The normal sugar content of the c. s. fluid varies a-great deal, 
and a table is given below showing this, according to different 
authors. The table is taken from Samson’s (1931) work. 


Tabic 4. 


The normal sugar content o\ the c. s. Jluid. 



Author 

Border-line 

values 

Average 


Blum 

.IS— 03 

5G 


v. Bokay 

55 — 80 

— 


Brucke 

— 

50 


CltEVASSUT 

100—150 

— ventricle fluid 



80—93 

— lumbar fluid 


Lagergren 

38—90 

01 


Levinson 

•10— 75 

— 


Saenger 

50 — 75 

— 


Steiner 

55 — 70 

— 


Stevenson 

50 — 70 

. 


Stewart 

27—81 

— 


Trendtel 

50—70 

— 


, .jj h i s wid !L fiekl "dthin the chemistry o! the c. s. fluid is dealt with verv 

PETEnsrwtofm m Tc dclailc , tl sU,dios reference should be made to Mvxc n- 
uetersen (1929) and Samson (1931). 



2 S 


Narrower limits for the normal sugar in the c. s. fluid 41—60 mg 
per 100 cm 3 are given by CsAki (1924), 50—75 mg per 100 cm 3 by 
Fremont-Smith and Ayer (1927), and Eskuchen (1927) 45—65 
mg per 100 cm 3 by Nissen (1927), 45—83 mg per 100 cm 3 by 
Neal and Esslemont (1928), 50—53 mg per 100 cm 3 by Scharaw- 
sky and Mandelboim (1929). 

As the sugar in the fluid is very dependent on the sugar in the 
blood, and under normal conditions widely seen runs parallel to it, 


, , . j . the sugar content in fluid . ... . 

the sugar index (= X 100) is of greater 

the sugar content in blood 

interest than the sugar content of the fluid. The sugar index, under 


Table 5. 

The normal sugar index. 


Author 

Index 

Derrien 

50— 

Wittgenstein 

54—58 

Dide, Fauges and Bauduin 

45—63 

Goodwin and Shelly 

45—65 

Blum 

52—60 

Poi.onowski and Dubot 

45—85 

Weichmann 

54—68 

Halliday 

50—70 

Nixon and Seham 

48—70 

Forti 

50 


normal conditions, according to various authors, is shown in the 
table, which is taken from Munch-Petersen’s (1929) work. 

Reduced sugar in the c. s. fluid and a reduced sugar index is of 
great diagnostic value. It is met with above all in acute purulent 
meningitis and in tbc-meningitis. A normal or high sugar value and 
sugar index are stated to be met with in encephalitis, cerebra 
tumours, cerebral hemorrhage, poliomyelitis, convulsions, nephritis 
and, naturally, diabetes mellitus. [Eskuchen ( 1919 ), Mestrezat 
(1924), CsAki (1924), Foster and Cockrell (1924), Nxina ( h 
Wilcox and Lyttle (1925), Fremont-Smith and Ayer (192/), 
Neal and Esslemont (1928), Stewart (1928), Scharawsky an 
Mandelboim (1929), Lichtenstein (1932), Bergman (19 ), 
Nissen (1936), Becker (1939)}. 



THE AUTHOR’S OWN INVESTIGATIONS. 


Material. 

It has been mentioned in the preface that the specimens of c. s. 
fluid for the present investigation were obtained from a number of 
different kinds of hospitals in Stockholm (children’s hospitals, one 
epidemic hospital, a hospital for adults with medical diseases, a 
neurological and a neurosurgical clinic, and a home for epileptics). 

The whole material comprises 428 cerebrospinal fluids from 355 
patients. Of these 33 were very slightly ill, or suffering from some 
illness which, according to what there is reason to suppose, had not 
given rise to any morbid changes in the fluid (see below). These 33 
cases are designated as normal cases below. 

According to what has been pointed out above in the survey of 
the literature (p. 13), the fluid in children under 6 months differs in 
several respects from that in older children and adults. As no 
material from normal cases could be obtained from children in the 
first 6 months of life, and as, further the pathological cases in this 
age-group are somewat few in number, such are not included in the 
investigation. The number of cerebrospinal fluids examined from 
children between the ages of 6 months and 15 years is 252 (from 189 
children). The other 176 cerebrospinal fluids were taken from 166 
patients above 15 years of age, the oldest patient being 56 years 
of age. 

The lumbar, cistern and ventricle punctures were made inde- 
pendently of the time of da} r , meals, supplies of medicine, etc. 

Methods. 

The needles used for the lumbar, cistern and ventricle punctures 
were boiled in sterile water or dry-sterilized in an autoclave. 

When the puncture was made, the first few drops to issue were 
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not collected. The first part of the fluid which followed was used 
t ion 1-1011 determinati0nS ’ and the Iast P art for the other investiga- 

The Cl-ion determinations. The fluid was kept in centrifuge tubes 
holding 10 ml., closed with rubber corks, and stood in a refrigerator 
for not more than two weeks, and seldom for more than 1 week before 
the Cl-ion determination was made. 1 2 This was done by electro- 
metric microtitration according to E. Muller (1926). 2 One elec- 
trode was a silver plate c. 0.25 cm 3 in size, which was rotated by 
means of an electric motor, and thus was at the same time the 
mixer. The other electrode was a calomel electrode with Hg 2 CI 2 in 
saturated KCl-solution, and in connection with it a u-tube filled 
with saturated K N0 3 in 4 % agar. The last-mentioned tube was 
thus immersed into the fluid which was to be examined. The 
change in potential was determined each time the calomel electrode 
was changed and sometimes controlled in between. The potentials 
varied between 274 and 300 millivolts, and the potentiometre was 
set at the determined potential before the beginning of the titra- 
tion. The latter was carried out with 0.005 normal Ag N0 3 . As a 
control for this titre a 0.1000 normal NaCl solution (obtained by 
the solution of 5,846 g of dry NaCl in 1000 ml of water) was used. 
This initial titre solution was kept in bottles of Jena glass with 
ground glass stoppers. A burette with automatic zero-point setting 
calibrated to 0.05 ml and capable of being read off to 0.01 ml was 
used for the AgN0 3 -solution. 

For the titration 0.1 ml of the c. s. fluid was drawn up into a 
micropipette of the design used in determinations of blood-sugar ac- 
cording to Hagedorn-Jensen, and then ejected into a glass beaker 
containing 2 ml of 15% trichloracetic acid. 3 — 4 ml of distilled water 
■was added, after which this solution was placed in contact with the 
electrodes, and so much of the Ag N0 3 solution added that the indi- 
cator of the potentiometer pointed to 0. 

For Cl-ion determinations in capillary blood 0.1 ml of blood 


1 In about 20 cases tlie determinations were made, firstly, immediately after 
tlie puncture, and secondly, a second time after the fluid bad been kept in ns 
way for 2 weeks. The values were found to be the same, so that this conserva- 
tion could not have played any rOle as regards the Cl-ion content. 

2 The potentiometre from Cambridge Instrument Comp. Catalogue n . 

442/1933. 
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was drawn up into a micro-pipette of the above-mentioned design 
and ejected into a centrifuge tube containing 1.9 ml. of distilled 
water, so that complete hemolysis was secured. The pipette was 
rinsed several times with this hemolysate. The tubes, well closed 
with rubber corks, were kept in a refrigerator for one week, rarely 
up to 2 weeks. For Cl-ion determinations, 2 ml of 15 % trichlor- 
acetic acid was added, and after the tubes had stood for about 5 mi- 
nutes the precipitation was centrifuged. 3 ml of the clear centrifugate' 
was pipetted off and titrated with AgN0 3 in the same way as in the 
case of the fluid. 

Sugar determinations were made according to Hagedorn-Jensen’s 
methods on 0.1 ml of blood and fluid. The blood specimens were 
taken immediately before the lumbar and cistern punctures. 

Other examinations of the c. s. fluid. Cell counts were made in 
accordance with Fuchs-Roscnthal’s method, except in some cases 
where the cell counts were made in a Biirker’s chamber. The fluid 
of all the normal cases was examined in accordance with Fuchs- 
Rosenthal. The albumin investigations were according to Nonne 
and Pandy, and the mastix reaction were carried out according to 
current clinical methods of examination. 

The bacteriological examinations were made at the Bacterio- 
logical Laboratory of the Board of Health in Stockholm. 

The examinations of the Cl-ion content of the c. s. fluid and of 
blood were made by the present author himself, except in a small 
number of cases. The other examinations were made at the labora- 
tories of the respective hospitals. 

Statistical methods: In the statistical working up of the mate- 
rial the current formulas were used. The standard deviation, a, was 
thus calculated from the formula: 


a — dsz 1 / — 


v a~ 


| n — 1 


where a = deviations from the mean figure and n = the number of 
determinations. 

The standard error of an average figure, £ (M) was calculated 
from the formula: 


£ (M) 


, _ 2 _ 

re (— 

1 ” 
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pAf, “ n' C tl,e > COmputaUo " s ™ rc made on at least 15 values 
Tor o smaller number ol values a special correction was made; The 

standard error was multiplied by ]/£=2, where N is the total 

ofTneoMi' 1011 ' Br ° UI,S "''' Wl are Wn « “"Pared. " the number 
of one of the groups. 


A difference was considered statistically significant when it 
exceeded 3 times the mean error. If it amounted to 2 % times, but 
not to 3 times, the standard error, the difference was considered to 
be probable. If the difference was less than the standard error, 
the correspondence was considered good, and in other cases it 
was considered satisfactory. 

In calculating the standard error of the methods, double deter- 
minations were made. o„, the standard error of the individual 
determinations, is obtained from the formula: 


On 



where d — differences between double values {Dahlberg 1926). 

An orientation of the standard error of the methods is obtained 
from table 6. 


Table 6. 



No. ol double 
determinations 

Standard error ol a 
single determina- 
tion as % 

CI-ion content of the fluid 

557 

0.49 

Blood chlorides 

484 

1.9G 

Sugar content of the fluid ........ 

230 

5.52 

Blood sugar 

216 

6.09 


Further, the reliability of the pipettes used for the determina- 
tions was investigated. The results appear in table 7. 

Pipettes 0 and 00 are manufactured with special accuracy, and 
their capacity has been controlled at the Chemical Institution of the 
Caroline Institute by the weighing method. It appears that the 
average values obtained with different pipettes are in good agree- 
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Table 7. 


Control of 21 pipettes by means of 15 titrations with each pipette. 


Pipette 

no. 

M ± e (M) 

a 

<7 

2.15 

a 2.15 as 
% of 2.15 

0 

2.150±0.0034 

0.0131 

0.0131 

0.61 

00 

2.149±0.003G 

0.0139 

0.0139 

0.65 

1 

2.149±0.0049 

0.0188 

0.0189 

0.88 

2 

2.148±0.0033 

0.0126 

0.0128 

0.60 

3 

2.153±0.0034 

0.0133 

0.0136 

0.63 

4 

2.151±0.0034 

0.0133 

0.0134 

0.62 

5 

2.149±0.0032 

0.0125 

0.0125 

0.58 

G 

2.149±0.0032 

0.0125 

0.0125 

0.58 

7 

2.151 ±0.0042 

0.0164 

0.0165 

0.77 

8 

2. 154 ±0.0034 

0.0130 

0,0136 

0.63 

9 

2.152±0.0030 

0.0115 

0.0116 

0.54 

10 

2.151 ±0.0035 

0.0136 

0.0136 

0.63 

11 

2.151±0.0030 

0.0116 

0.0116 

0.54 

12 

2.150±0.0040 

0.0156 

0.0156 

0.73 

13 

2.153±0.0040 

0.0153 

0.0156 

0.73 

14 

2.152±0.0022 

0.0086 

0.0089 

0.41 

15 

2.150±0.0032 

0.0125 

0.0125 

0.58 

1G 

2.153±0.0032 

0.0123 

0.0128 

0.60 

17 

2.154±0.0025 

0.0099 

0.0107 

0.50 

18 

2.154 ±0.0035 

0.0135 

0.0141 

0.66 

19 

2.151 ±0.0038 

0.0149 

0.0149. 

0.69 

20 

2.153±0.0035 

0.0135 

0.0139 

0.65 

21 

2.151 ±0.0025 

0.0096 

0.0096 

0.45 


ment which the values of the controlled pipettes, and that the vari- 
ability which characterises the specimen-taking with pipettes 
remains about y 2 % on the whole. 

The Cl-ion and sugar contents of the c. s. fluid and 
the blood-chloride and sugar indexes in the normal 

condition. 

As it is not considered expedient to perform lumbar punctures 
on quite healthy persons, in view of the discomfort and the risk 
(small though it is), in this work lumbar punctures were not made 


3 
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on perfectly healthy persons. Instead of such healthy material, 
certain clinical cases were selected, in which there was reason to 
suppose that the content of chlorides and sugar in the fluid and 
blood were as large as in healthy persons. This material is called 
normal material. It consists of 33 patients, of whom 20 were under 
and 13 over 15 years of age. The youngest was 1 11 / 12 and the oldest 
31 years old. The diagnoses were very varied, such as neuropathia, 
psychopathia, pharyngitis ac., lymphadenitis colli, rubeola, etc'. 
None of the patients could be classified as suffering from organic 
nervous diseases, nor did any of them exhibit symptoms of luetic 1 
or tuberculous diseases. The following were common to them all: 
neurological status (physical strength, reflexes, pupils, Babinski) 
were normal (the majority were a little stiff in the neck, which 
was the indication for the lumbar or cistern puncture). The c. s. 
fluid had a normal pressure (up to 20 cm), a normal number of cells 
(a maximum of 8/3 per mm 3 , the majority 0 cells). Nonne neg. 
and Pandy neg. or slightly pos. 

In the examination of the normal material, a group of clearly 
normal cases (26 cases) was separated from a group of more doubt- 
ful cases (7 cases). In a comparison between the results of the 
examination as regards Cl-ions etc., the group of doubtful cases 
proved to lie well inside the variation range for the normal. These 
groups were thrown together in order to increase the material. This 
was done the more readily as this procedure implies — if the doubt- 
ful group deviates — that the variability increases, and the mean 
error calculated rather becomes somewhat larger. There is hardly any 
reason not to throw the material together under such circumstances. 

It is shown below that the Cl-ion content of the fluid and the 
blood-chloride index are independent of whether the fluid is 
obtained by means of lumbar or cistern puncture. The sugar con- 
tent will probably not be exactly as large in lumbar as in cistern 
fluids (see above in the survey of the literature). The difference is 
inconsiderable, however, and the normal variations are large. 2 The 
values for cistern and lumbar fluids have therefore been added 
together in the normal material. It may be pointed out that, to 

1 Wassermann’s test was applied to the majority of cerebrospinal fluids and 
found to be negative. 

2 If the epilepsy cases are excluded, cistern punctures were made only m 
a few cases in the whole material. 



Table 8. 
Normal material. 


— 


Lumbar fluid 

Cistern fluid 


Total 



No. 

M ± e (M) 

a 

No. 

[M i cfM) 

No. 

Mir (M) 

0 

Cl-ion content of the 
fluid 

27 

122.S5iO.39 

2.03 

6 

124.15 

33 

I23.09i0.35 

2.02 

6.41 

Blood-chloride index 

27 

141.llil.29 

6.69 

6 

143.17 

33 

141.4Sil.12 

Sugar content of the 
fluid 

25 

66.00i2.15 

10.73 

5 

61.60 

30 

65.27il.90 

10.39 

Sugar index 

25 

63.36i2.0S 

10.42 

5 

66.00 

30 

63.80il.S3 

10.01 


the extent that any isolated case with pathological changes should . 
happen to be included in the normal, this leads to an increase in the 
ran^e of the variation. If it is only a matter of one or two cases, 
however, such a possible increase is most likely to be of no im- 
portance. 

The results of the investigation of the normal material are shown 
in table S. 

It appears from the table that in healthy or slightly affedcd 
patients, who are not suffering from diseases in the central nervous 
system, and in whose fluids no morbid changes have been proved , the 
Cl-ion content of the fluid is 123. 09 ±0.35 mmol. 720.1 ± 2.05 
mg NaCl per 100 cm 3 ), the blood-chloride index 14l.4S-iil.12, the 
sugar content of the fluid 65.27 ±1.90 mg per 100 cm z , and the sugar 
index 63.S0±i.83. 

The range of variation for the Cl-ion content of the fluid ex- 
tends from 118.7 mmol (=694.4 mg NaCl pr 100 cm 3 ) to 126.8 
mmol (=741.8 mg NaCl pr 100 cm 3 ), for the blood-chloride index 
from 128 to 156, for the sugar content of the fluid from 48 to 
89 mg pr 100 cm 3 and for the sugar index from 50 to 81. 

As regards the chloride content, the results agree extremely well 
with Stewart’s (1928) results, which in my opinion — as has been 
mentioned above — are the most reliable. He found the NaCl con- 
tent of the fluid in children 6 months — 12 years of age to vary 
between 679 and 763 mg per 100 cm 3 and the mean to be 715 mg 
per 100 cm 3 . The blood-chloride index calculated according to 
Stewart’s (192S, fluid) and Strom’s (1925, blood) results averaged 
136 and thus agrees fairly well with the values found in the present 





Table 9. 

The significance of vomiting for the Cl-ion content of the c.s. fluid and blood. 



Patients who have 
vomited during 
tlie last 24 hours. 

Patients who have 
not vomited during 
the last 24 hours. 

Cases where there 
is no information 
about vomiting 


No. 

M ± c (M) ! 

0 

No. 

M ± e (M) 

O 

m 


mm 

Cl-ion content 
of the fluid 

1G 

122.GG±0.G4 

2.5G 

33 

O 

IO 

O 

-H 

0 

0 

rr 

C4 

2.84 

37 

124.46±0.45 

I 

Cl-ion content 

of the blood 

10 

84.81 ±1.31 

5.24 

32 

8G.93±0.6S 

3.84 

37 

85.89±0.78 

4.76 

Blood-chloride 

index 

1G 

145.06±2.09 

8.37 

32 

142.72±1.13 

G.39 

37 

145.49±1.23 

7.48 


work. Although the range of variation of the sugar content and 
the sugar index is great in my material, the values agree on the 
whole with the results of previous investigators (see tables 4 and 5). 


Some circumstances who may influence the content 
of chlorides in the c. s. fluid. 

The significance 0 / vomiting lor the Cl-ion content 0 / thec.s. fluid 

and for the blood-chloride index. 

To what extent the organisms supply and loss of.NaCl affect the 
Cl-ion content of the fluid is very difficult to 
been mentioned nbove, there is but little 
on the subject. I have only taken up one deta. of t “ 
examination, namely, the importance of vomit " “ * ,” P “al 
A relatively large number of the cerebrospinal fluids with norma 
Clin — examined derive from poiiomyeUtis nmter« 

54), This has been divided into three groups. b(;tore th0 

who vomited once or several times during iod> an d 

puncture, 2) patients who did 1 notjomit u ^ vomit ed or 

^"^Ci^Chioncouten^- 
and of the Wood-chloride index in these groups appears from 

tal> The difference for the Cl-ion content of the fluids between group 
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2 and 1 is U4 ± 0.81 mmol., and that for the Wood-chloride index 

Tims ' in patients suffering from poliomyelitis the vomitings are 
. T importance tor the Cl-ion content oj the fluid or for the 

° n ° J idc in dcx. As the vomiting of the poliomyelitis patients 
the question must he left open as to the extent 
to which hcamj vomitings affect the conditions mentioned. 

Is there amj diY/crcncc between the Cl-ion content m lumbar and in 

“ To findtn answer to this question, it is best to examine the 
fluids oli&ined by simultaneous lumbar puncture and puncture o 
the Cisterna magna in patients with a free passage for lie fluid Tins 
examination was carried out on G patients suffering from different 
nervous diseases and with a normal Cl-ion content of the l aid. 
(It was difficult to obtain a larger material). The average Cl-ion 
content of the lumbar fluid was 122.63 mmol., and of the cistern 
fluid 123.72 mmol, the difference being 1.08. Owing to the paucity 
of the material, this examination affords no evidence as to whether 
there is any difference in the respect mentioned or not. 

Another method of throwing light on this question is to examine 
the Cl-ion content of different portions of the lumbar fluid in a 
fractional lumbar puncture. In 16 children the fluid first obtained 
was kept for investigation, after which 15—20 ml of the fluid was 
drawn off, and the fluid which then flowed out was kept for Cl-ion 
determinations. The subarachnoid space of the spinal column in 
adults contains 60 — 80 ml of fluid (according to Eskuchen 1919 
c. 60 ml, according to Weigeldt 1936 an average of 77 nil), and the 
capacity in children is naturally smaller. The ages of the children in 
the present material were 3 years and upwards, and the fluid in the 
last portion drawn off probably came from the Cisterna magna, 
or "from the upper part of the subarachnoid space in the spinal 
column. 


Tabic 10. 

The Cl-ion content oj the c. s. the {laid in fractional tmnhar punctures. 



No. 

M ± r (M) 

0 

Portion 1 

10 

121. 25 ±0.(52 
121 .25 ±0.6-1 
+0.005 ±1.00 

2.71 

» 2 

19 

2. SI 

1.09 

Diff 
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Table 11. 

The Cl-ion content oj lumbar and cistern fluids. 




Lumbar fluid 



Cistern fluid 


Diff. 


No. 


a 

No. 

M ± e (M) 

0 

D±e(D) 

Cl-ion conicnt of 
the fluid 

2-1 

123.89±0,60 

2.94 

30 

123.73±0.39 

2.12 

0.1C±0.72 

Blood-chloride 

index 

24 

MO. OS ±1.05 

5.16 

28 

141.71 ±1.64 

S.67 

l.D3±1.95 


The table shows that in fractional lumbar punctures the Cl-ion- 
content in the first portion of the fluid is as great as in the last 
portion. 

A. third method of investigating whether there is any difference 
in the Cl-ion content of the lumbar and cistern fluids, is to take a 
group of healthy persons, or a group of patients suffering from 
some disease who show no, or only inappreciable changes in the 
fluid, and compare the Cl-ion content of the fluid of those who have 
had lumbar punctures with the Cl-ion content of the fluid of those 
who have had cistern punctures. The fluid from 54 epilepsy pati- 
ents provides a suitable material for such an investigation. 

It appears from table 11 that in epilepsy patients there is no 
difference between the Cl-ion conicnt of the lumbar and cistern 


; Three different ways of calculating whether the content of C -ions 
is the same in lumhar and cistern fluid have been given above 
None of these calculations lry itself justifies any c “" u 

elusions, but as the results all point to the same : d,rc Uon it ^ 
probably be verified that (here is no rt.tfmncc in the Cl-.on 

of the lumbar and the cistern fluids. but is in 

This conclusion thus confirms Stewart s < 192S) ’ ^ m 

conflict with the findings of other investigators. (Maiakie, 

Leipold, 1935). 

Age and the Cl-ion content of the c.s. fluid. 

It was mentioned in the survey of the htera tare thrtU®m» 
reason to suppose that the Cl-ion content o “ " ’ , t tll0 

age (except during the first 6 months of Me) To dec de wl, ^ 
conditions are in this respect, the poliomyelitis roa 
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Table 12. 

Changes in the Cl-ion content at increasing ages. 


Age 

Cl-ion content of the fluid 

Blood-chloride index 

No. of cases 

Average 

No. of cases 

Average 

1— 5 

9 

123.08 

9 

1.41 

0—10 

19 

124.30 

19 

1.44 

11—15 

12 

125.28 

11 

1.44 

10—20 

6 

123.83 

G 

1.52 

21—25 

10 

124.71 

9 

1.47 

26—30 

7 

122.43 

7 

1.41 

31— W 

14 

124.01 

14 

1.40 

1—10 

28 

124.14 ±0.47 

28 

1.43±0.014 

11—20 

18 

124.79±0.G1 

17 

1.47±0.015 

21— W 

31 

121.15±0.52 

30 

1.45±0.014 


Correlation between age and the Cl-ion content of the fluid = -f- 0.04±0.11 
t » * * * blood-chloride index = + 0.18±0.11 

It comprised 77 patients, the youngest 1 year and 2 months and the 
oldest 56 years of age. The Cl-ion content of the fluid of these 
patients lies within the normal limits, (see below p. 56). 

It emerges from table 12 that, in a considerable material of 
poliomyelitis patients, / here is no correlation between age and the 
Cl-ion content of the fluid, nor between age and the blood-chloride index. 
This result thus tallies with Stewart’s (1928). 

The Cl-ion and sugar contents of the c. s. fluid and 
the blood-chloride and sugar indexes in morbid con- 
ditions. 

Tuberculous meningitis. 

The material comprises 35 lumbar fluids from 16 patients. The 
majority died of miliary tuberculosis. In all the cases the diagnosis 
tbc-meningitis was verifed, either by the finding of tubercle bacilli in 
the fluid or by autopsy. 

The result of the investigation is shown in table 13. 

As will.be seen, the material was divided into 2 groups, namely, 
cerebrospinal fluids which were obtained by punctures during the ' 
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Table 13. 


Tuberculous meningites 




S- 

—IS days before death 

1 

— 7 days before death 

Total cases j 



2 

O 

M±e(M) 

a 

? 

M ± e (M) 

o 

% 

O 

M ± s (M) 

a 

Cl-ion content 
fluid 

of the 

15 

15 

14 

14 

inO An 


20 

20 

102.89±1.G7 

131.00±2.33 

27.65±3.00 
19.61 ±1.89 





Blood-chloricic index 
Sugar content of the 
fluid 

133.93±2.32 

34 .43 ±3.45 
31.73±4.99 

± 9.5b 
± 8.98 

±12.92 

±19.34 

± 7.45 
±10.43 

35 

35 

105. 92± 1,52 
132.26±1.66 

± 9.01 
± 9.81 

Sugar index 

.... 


±13.42 

34 

30.44±2.31 

±13.45 

— 


i 8.U0 

34 

25.12±2.67 

±15.34 


earlier stages of the illness, and such as were obtained by punctures 
during the week before death. The greatest interest attaches 
to the average figures for all the cases of tbc-meningitis, which 
are given in the last main part of the table. 

The average figure for the Cl-ion content of the fluid is 619.63 db 
8.89 mg NaCl per 100 cm 3 and lies within the extremely wide limits 
given by earlier authors (see table 2). 

It appears from table 13 that the mean values are very low, and 
the difference between the normal material and all the tbc-menin- 
gitis cases is 17.17 ± 1.56 mmol for the Cl-ion content of the fluid, 
9.22 ± 2.00 for the blood-chloride index, 34.83 ± 2.99 mg per 100 
cm 3 for the sugar in the fluid, and 38.68 ± 3.24 for the sugar index. 
All these differences are significant. 

As appears from table 13, the average figures for the group of 
patients who were examined during the week before death are lower 
than for the group which was examined earlier. The differences 
between the average figures are 7.07±2.9S mmol for the Cl-ion 
content of the fluid, 2,93 dr 3. 29 for the blood-chloride index, 
6.78±4.57 mg per 100 cm 3 for the sugar content of the fluid, and 
12.12±5.34 for the sugar index. None of these differences is signi- 
ficant, and thus it is not proved that the values for the conditions 
examined here fall during the course of the illness. Another method 
for trying to discover the state of things in this respect is simply to 
investigate the conditions in the individual ease. For the sake of 
surveyability this has been done graphically. 

Fig. 1 shows the state of things as regards the Cl-ion content of 
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the fluid and of the blood-chloride Index during the course of the 

illness m the 12 and 11 cases respectively which were examined 
at least twice. 


In the figure it appears that the Cl-ion content of the fluid fell, 
in all the cases but one, in which it rose inappreciably, and in 2 
cases, where it remained the same. The 3 cases lastmentioned were 
however, punctured during the last stage of the illness and had 
greatly reduced Cl-ion contents already at the time of the first 
puncture. The investigations confirm Csaki’s (1924) and Martin, 
Mach and Junet’s (1936) results, but run contrary to the inves- 
tigations of Neal and Esslemont (1928) and Hendry (1939). 
Further, the figure shows that in 6 of the 11 cases the blood-chloride 
index fell during the course of the illness, in 4 cases it rose, and in 1 
case it first fell and then rose. 


The difference between the average figure for the Cl-ion content 
of the fluid in the group »8 — 18 days before deaths and in the 
group si — 7 days before deaths is, as is stated above, 7 .07 ±2.98 
mmol (the difference is thus c. 2.4 times larger than the standard 
error of the average) and the corresponding difference for the 
blood-chloride index is 2.93 ±3.29 (the difference is thus less than 
the standard error of the average). The curves in fig. 1 and the 
above-mentioned figures make it probable that, during the course 
of the illness, the chloride content of the fluid is reduced, but 
they hardly permit of any assumption as to tendencies towards 
changes in the blood-chloride index during the course of the illness. 

Figure 2 shows the state of things as regards the sugar in the 
fluid and the sugar index during the course of the illness in 10 


cases. 

The figure shows that the sugar content of the fluid fell in 6 
cases, rose in 2, and in 2 cases first fell and then rose. The figure 
shows, further, that the sugar index fell in 6 cases, rose in 3, and in 
1 case first fell and then rose. 

As has been stated above, the difference between the average 
figure for the sugar content of the fluid in the group »S IS dajs 
before death» and in the group »1 — / days before death» is 6./8± 
±4.57 mg per 100 cm 3 , and the corresponding difference for the 
sugar index 12.12±5.34 (the difference is thus c. 2.3 times larger 
than the standard error of the average figure). The curves in fig. 2 




ar Index 

before death 


lo 


5 


Fig. 2. 
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f , 0Ve " g " res make il P rob! >M<= that the sugar index in the 
. reduced during the course of the illness, but they hardly 
permit of any assumption as to the tendencies towards changes in 
the sugar content of the fluid during the course of the illness. 

The above makes it probable that during the development of 
tuberculous meningitis a reduction in the Cl-ion content of the fluid 
and in the sugar index takes place. 

It is of great interest to know to what extent the determination 
of the Cl-ion content of the fluid and of the blood-chloride index 


during the early stages of the illness affords any diagnostic infor- 
mation. In an endeavour to throw light upon this question, the 
difference has been calculated between the average figure for the 
Cl-ion content of the fluid in the normal material and in the group 
»8 — 18 days before death», and also the corresponding difference 
for the blood-chloride index. This difference is 13.13±2.49 mmol 
for the Cl-ion content of the fluid, and 7. 55 ±2.58 for the blood- 
chloride index. The former difference is significant, the latter 
probably verified. In the earlier stages of tuberculous meningitis 
the Cl-ion content of the fluid is thus lower than the normal, and 
the blood-chloride index probably lower than normal. 

The differences between the normal material and the group 
»8 — 18 days before death» are 30.84 ±3.94 mg per 100 cm 3 for the 
sugar content of the fluid, and 32.07 ±5.31 for the sugar index, and 


both are statistically significant. 

In tuberculous meningitis cases the Cl-ion content of the fluid 
is lower than in any other illness (se below). Apart from the tbc- 
meningites, the sugar content of the fluid is also greatly reduced in 
bacterial meningitis cases. Thus, from the differential diagnostic 
point of view, a greatly reduced Cl-ion content of the fluid affords more 
valuable information than a greatly reduced sugar content of the fluid. 

Summary of the results. In tuberculosis meningitis the Cl-ion 
content of the fluid is 105.92 ±1.52 mmol (= 619.63±8.89 mg 
NaCI per 100 cm 3 ), the blood-chloride index is 132.26±1.66, the 
sugar content of the fluid is 30.44 ±2.31 mg per 100 cm , and the 
sugar index is 25.12±2.67. All these values are lower than the nor- 
mal. During the course of the illness a reduction probably takes 
place in the Cl-ion content of the fluid and in the sugar index. 
But already during the earlier stages of the illness (8 18 days before 
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peath) the Cl-ion content, the sugar content of the fluid and the 
sugar index are lower, and the blood-chloride index probably lower, 
than the normal. A greatly reduced Cl-ion content of the fluid gives 
more valuable dignostic information than a greatly reduced sugar 
content of the fluid. 


Bacterial meningitis. 

As has been mentioned above, all cases of meningitis in which 
bacteria have been proved in the fluid — except tuberculous 
meningitis cases — are included in this group. 

The material consists of 25 patients, in whom the fluid was 
examined 56 times. 

In table 14 the material has been arranged according to the 
bacteriological diagnosis of the meningiles. In this table, if we 
first turn our attention to the column for all the cases, we find that 
the values arc low. The differences between the normal material 
and the total number of cases of meningitis arc 7.75±1.1G mmol, 
for the Cl-ion content of the fluid, 10.04 ±1-73 for the blood- 
chloride index, 32.23±3.60 mg per 100 cm 3 for the sugar content of 
the fluid, and 34.72±3.08 for the sugar index. All these differences 
are statistically verified. A low content of Cl-ions in the fluid in 
bacterial meningitis has been proved earlier by many authors 
(see table 3), but, as far as I know, no one has proved previously, 
by a statistical working up of his material, that it differed definitely 
from a normal material. 

From table 14 it appears that the number of cerebrospinal fluids 
examined in the different groups of bacteria is inconsiderable, and 
only between the groups Micrococcus catarrhalis and Pfeiffer’s 
influenza bacillus can the difference in the average figures be calcu- 
lated statistically. The average figure for the content of Cl-ions in 
the fluid and the blood-chloride index is larger in the latter than in 
the former group, and the differences are 5. 15 ±1.79 mmol and 
1.78±2.25 respectively. The former difference is probable, the 
latter not statistically significant. Thus, the Cl-ion content of the 
fluid is probably greater in meningitis caused by Pfeiffer's influenza 
bacillus than in meningitis caused by Micrococcus catarrhalis. 

The average figure for the sugar content of the c. s. fluid and for 
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Table 




1 - : — — . — — B A r : ~ 


Pneumo- 

Meningo- 

Strepto- 

L. 

“ 



cocci 

cocci 

cocci 

Micrococcus catarrhalis 


No. 

M 

No 

M 

No.] M 

|No 

M ± e (M) 

o 

Cl-ion content 
of the fluid 
Blood-chloride 

8 

116.95 

7 

117.74 

2 

84.85 

13 

112.97±1.13 

± 4.07 

index 

Sugar content 

8 

138.00 

7 

138.14 

1 

116.00 

13 

125. 69 ±1.00 

± 3.61 

of the fluid 

G 

48.00 

7 

38.86 

. 


12 

30.83±4.17 

± 14.43 

Sugar index. . 

G 

40.83 

7 

27.57 

• 

• 

12 

25.42±3.52 

± 12.18 


the sugar is larger in the group Micrococcus catarrhalis than in the 
group Pfeiffer’s influenza bacillus, and the differences are 6.51 ± 
5.38 mg per 100 cm 3 and 1.74^5.34 respectively. The differences 
are not statistically significant. 

In an attempt to elucidate whether the content of Cl-ions and 
of sugar in the fluid and the corresponding index show anything as 
to the prognosis of the illnesses, I have divided the material into two 
groups, one consisting of material from patients who recovered 
(fthealthy patients»), the other comprising material from patients 
who succumbed (»fatal caseso). See tables 15 and 16. 

If we first turn our attention to the last main column of each 
table and compare the values in them, we find that they are higher 
for the »healthy patients» than in the »fatal cases». The differences 
are 5.83±2.46 mmol for the Cl-ion content of the fluid, 6.20±2.39 
for the blood-chloride index, 5.65±6.42 mg per 100 cm 3 for the 
sugar content of the fluid, and 7.59±5.17 for the sugar index. Ihe 
difference for the blood-chloride index is probable from a statistical 
point of view, and the other differences are not. Thus, in patients 
suffering from bacterial meningitis the blood-chloride index is probably 
lower in the patients who succumb than in those who recover. The 
determination of this index is thus of a certain value for prognosis. 

In table 15 it appears that in the ^healthy patients» the Cl-ion 
content of the fluid is about the same during the first 2 weeks of the 
illness, but rises later. Table 16 shows that in the »fatal cases» the 
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14 . 

meningiles. 


t e r i a 


Pfeiffer’s influenza 
bacillus 

Staphylo- 

cocci 

Undeter- 

mined 

bacteria 

Total 

No. 

M ± « (M) 

o 

No. 

M 

No. 

M 

[No. 

M ± e (M) 

0 

1G 

118.12± 1.39 

± 5.57 

5 

116.38 

5 

117.80 

5G 

1 15.34 ±1.11 

± S.31 

15 

127.47±2.01 

± 7.78 

5 

137.00 

5 

136.00 

54 

131.44 ±1.32 

± 9.69 

19 

24.32±3.40 

±14.80 

5 

35.20 

4 

45.75 

53 

33.04 ±3.06 

±22.29 

19 

23.68±4.01 

±17.48 

5 

35.20 

4 

43.00 

53 

29.0S±2.48 

± 1 S.07 


Cl-ion content of the fluid falls during the course of the illness. The 
blood-chloride index falls, while the sugar in the fluid and the sugar 
index exhibit varying values in both groups. The number of cases in 
the different groups is small, but the conditions indicated above 
argue in favour of the view that Ihe Cl-ion content of the fluid affords 
more valuable information for prognosis than Ihe blood-chloride index , 
the sugar content of the fluid or the sugar index. 

In order to show the state of tilings as regards the Cl-ion content 
and the blood-chloride index during a very slowly recovering bac- 
terial meningitis, an account of a case is given below. 

A 2-year-old boy, who had previously been generally healthy, 
fell ill 2 days before admission to the Crown Princess Lovisa’s 
Hospital for Children with a bilateral otitis, and paracentesis was 
done. On the day of admission he suddenly became unconscious, 
had general convulsions, and on admission to the hospital was in 
an extremely poor condition. He exhibited pronounced signs of 
meningitis, and lumbar puncture yielded an extremely turbid fluid, 
which showed strongly pos. albumin reactions and contained fully 
50,000 cells per 3 mm 3 , and an abundance of Pfeiffer’s influenza 
bacilli. He was treated with sulphapyridine for about a month. 
During the first three weeks his condition was very poor but gra- 
dually improved, and after 5 — 6 weeks he was afebrile, and after 
about 3 months he had almost entirely recovered. 

The patient had lumbar punctures 19 times, the last time 
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Table 16. 

Bacterial meningitis which succumbed, j 




No. 

i 

of days after the first, symptom 

t 


, 

0—3 

•1— G 

7—12 

0—12 


2 

o 

M 

% 

o 

M 

2 

O 

M 

2 

O 

M ± e (M) 

0 

Cl-ion content of 'the 

G 

T 15.80 

9 

112.91 

G 

105.37 

21 

i 

lli.G0±2.22 

il0.17 

Blood-chloride index 

5 

131.80 

9 

127.11 

G 

124.50 

20 

127.50± 1.-18 

i G.G1 

Sugar content of the 

G 

29.G7 

5 

38.20 

5 

22.G0 

16 

3t>.13i5.21 

i 20.83 

Sugar index , . . 

5 

21. GO 

7 

31.00 

■i 

18.50 

1G 

2il.91i3.S3 

il5.33 


c. 5 months after the onset of the illness. After 2 weeks the 
fluid was sterile (experiments on animals and culture). The 
findings at the examinations of the fluid appear from the curves in 
fig. 3. 

As is seen in the figure, the number of cells was very high during 
the first part of the stay in hospital, it then decreased rapidly, but 
during the first few months remained at several thousand cells per 
3 mm 3 , and after 5 months was still 71 cells per 3 mm 3 . During the 
first few weeks SO — 90 % of the cells were polynuclear, but the 
proportion of these gradually decreased, and after a full month 
there were about as many mononuclear as polynuclear cells, and 
subsequently the former predominated in number. The sugar index 
was very low during the first few (Lays (below 10). It then rose 
gradually, but about 4 months elapsed before it remained definit- 
ively at about 50. 

The Cl-ion content of the fluid was low during the first three 
weeks, and its lowest value (105.8 mmol) was met with after 3 
veeks illness. Simultaneously with the patient’s definitive improve- 
ment the Cl-ion content gradually increased to normal values. 
On the whole the curve for the blood-chloride index ran parallel 
with the curve for the Cl-ion content of the fluid. The. fact that 
during the first week, the values for the Cl-ion content of the fluid 
and for the blood-chloride index were not lower than the lower 
limit for the normal, is possibly explained by the circumstance 
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that during this period the patient was given subcutaneously an 

abundance of physiological NaCl. 

Summary of the. results. In bacterial meningitis the Cl-ion content 
of the fluid is 115.34±1.11 mmol (= 674.74±6.49 mg NaCl per 100 
cm 3 ), the blood-chloride index 131 .44± 1-32, the sugar content of 
the fluid 33.04±3.06 mg per 100 cm 3 , and the sugar index 29.08± 
2.48. All these values are below normal. The Cl-ion content of the 
fluid is very probably larger in meningitis caused by Pfeiffer’s 
influenza bacillus than in meningitis caused by Micrococcus cathar- 
rhalis. The blood-chloride index is probably lower in patients who 
succumb than in those who recover. The Cl-ion content of the fluid 
possibly affords more valuable information for the prognosis than 
the blood-chloride index, the sugar content of the fluid and the 
sugar index. 


Aseptic forms of meningitis. 

Under the above heading have been collocated a number of 
heterogeneous cases, which have the following in common: Clinical 
signs of a meningeal irritation, increase of cells and albumin in the 
fluid, sterile fluid, no symptoms of tuberculosis or lues. The deli- 
mitation in the direction of encephalitis with meningeal irritation, 
abortive poliomyelitis and other diseases is naturally difficult, 
and the limits are often very diffuse. Within the group a differentia- 
tion into 3 subgroups has been made. 

1. Meningitis lymphocytaria. The patients were acutely ill, with 
symptoms of meningitis, and all recovered within a fairly short time. 
The cell increase was moderate (at most, 1,000 cells per 3 mm 3 ), and 
the cells were predominatingly lymphocytes. The group comprises 
9 patients (7 children and 2 adults), who together were punctured 
25 times. 

2. Meningeal irritation in acute infection diseases. This group 
comprises 20 patients (6 children and 14 adults), who were each 
only punctured once. 

3. Meningitis sympathica. An otitis, sinusitis, osteitis in the 
vertebrae, or some other inflammatory process was present in the 
neighbourhood of the meninges, so that a direct connection be- 
tween the meningeal irritation and the inflammation foci is con- 
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. Table 17. 


Aseptic mcningitcs. 





Meningitis 

lymphocytaria 

Meningeal irritation, in 
infection diseases' 

Meningi- 
tis sym- 
pathies 

• ‘Total' 


r . 

Z 

c 

■ M ± e(Mj 

n 

2 

O 

M ± e ! (M) 

a 

I 

M 

¥ 

O 


0 

Cl-jon content 

of 







1 


... 

■■H 


the fluid" .. 
Blood-chloridc 

> • 

25 

122.5-1 ±6.93 

4.67 

20 

121.05±0.59 

2.64 

6 

123.32 

51 

122.05±0.54 

3.85 

index ..... 


23 

Ml. 96 ±1.5-1 



Ml. 35 ±1.67 

7.45 


143.50 

49 



Sugar content 

' 

of 

f .oy 


6 

Ml:90±1.02 

7.17 

the fluid . . 
Sugar index . . 

• % 

2-1 

2-1 

5G.79±3.5~ 

51.46±2.63 

17.51 

12.87 

19 

19 

70. 16 ±4.21 
60.21 ±2.87 

1S.34 

12.53 

6 

6 

69.00 

59.83 

49 

49 

63.47 ±2.56 
55.88±1.82 

17.95 

12.73 


ceivable, through a general infection need not develop. The group 
consists of 6 patients (5 children and 1 adult), who were each punct- 
ured only once. 

It is manifest that, from a theoretical point of view, this group- 
ing to some extent involves uninvestigated conditions. The more 
detailed mechanism is not clearly established. Further, it is not 
always easy to decide whether an individual case is to be included in 
one or the other group. 

The result of the investigation appears in table 17. 

The difference in the sugar index as between the aseptic mening- 
itis cases and the normal material is statistically verified. (The 
difference is 7.92±2.58). On the other hand no verified difference 
can be established in the case of the Cl-ion and sugar contents of the 
fluid. (The differences are 1.04±0.64 mmol and 1.80±3.19 mg per 
100 cm 3 respectively). This is also true of the blood-chloride index, 
which is higher in aseptic meningitis cases than in the normal 
material (the difference being 0.42±1.51). 

The number of cases permits of a statistical comparison 
between »meningitis lymphocytaria» and omeningeal irritation in 
acute infection diseases#. From the table it appears that the average 
figures for the Cl-ion content of the fluid and for the blood-chloride 
index are greater in the former than in the latter group. The dif- 
ferences are 1.49±1.10 mmol and 0.61 ±2.27 respectively. Neither 
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of them is statistically significant. The average figures for the 
sugar in the fluid and the sugar index are higher in the last-men- 
tioned group than in the first-mentioned, and the differences are 
13 37 _j_ 5;52 mg per 100 cm 3 and 8.75±3.89 respectively. The for- 
mer difference is statistically verified, but not the latter. 

Summary of the results . The Cl-ion content of the fluid in aseptic 
meningitis is 122.05i0.54 mmol (= 713.93i3.l6mgNaClper 100 
cm 3 ), the blood-chloride index 141 .90± 1.02, the sugar content 
of the fluid 63.47±2.56 mg per 100 cm 3 , and the sugar index 
55.88 i 1.82. The Cl-ion content and the sugar content of the fluid 
and the blood-chloride index lie within the normal limits, but the 
sugar index is below normal. For the Cl-ion and sugar contents of 
the fluid and for the blood-chloride and sugar indexes there is no 
definite difference between Meningitis lymphocytaria and meningeal 
irritation in acute infection diseases. 

Meningeal irritation without increases in albumin or cells 

in the c. s. fluid. 

This group consists of patients who were suffering from some 
infection diease, and who exhibited clinical symptoms of a meningeal 
irritation, but without albumin and cell increases in the fluid. 
•This group is thus near the sub-group of aseptic meningitis cases 
which have been termed »meningeal irritation in acute infection 
diseases)), and the delimitation as against the normal material is 
somewhat diffuse, although in it are included only patients with 
slighter infections. 

- The material consists of 11 patients, who were each punctured 
once. The average figure for the Cl-ion content of the fluid was 
120.03 mmol (= 702.18 mg per 100 cm 3 ), for the blood-chloride 
index 142.50, for the sugar content of the fluid 72.77 mg per 100 cm 3 , 
and for the sugar index 65.15. 

In this group may be included patients suffering from tubercu- 
losis, in whom vomiting and an inconsiderable stiffness of the neck 
aroused suspicions of tbc-meningitis. Lumbar puncture yielded a 
perfectly physiological fluid, however, and the further course showed 
that the patients were not suffering from tbc-meningitis. The group 
comprised 7 patients, who were punctured 11 times altogether. 
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Table 18 . 

Poliomyelitis ( all the cases). 



|Cl-ion content of the 

fluid 

Blood-chloride index 
Sugar content of the 

fluid 

(Sugar index 


55 

54 


1 124.45±0.36 
1 144.83±1.02 

61.11 ±1.34 
58.44±1.78 


± 2.72 
± 7.51 

± 9.96 
±13.06] 


123.11±0.49 

143.26±1.24 

61.96±1.85 

61.78±2.42 


± 2.60] 
± 6.43 

± 9.63] 
±12.58 


84 

81 

(82 

81 


124.00±0.30 
144.31 ±0.80 

61.39±1.09j 
59.56 ±1.44 


2.75 

7.21 

9.87 

13.00 


The average figure for the Cl-ion content of the fluid was 120.31 
mmol, for the blood-chloride index 140.50, for the sugar content 
of the fluid 66.09 mg per 100 cm 3 , and for the sugar index 56.82. 

The inconsiderable number of cases in these two groups 
does not permit of any mathematical calculation of whether it 
differed from the normal material. The values probably lie within 
the limits for the normal material, however. 


Poliomyelitis ac. 

The diagnosis of the paretic form of poliomyelitis usually pre- 
sents no difficulties, while the diagnosis of the abortive form may 
often be difficult. All the patients in the present material fell ill 
with symptoms typical of poliomyelitis during a period when the 
disease was prevalent in Stockholm. They suffered from headaches 
and stiff necks. The fluid showed pos. albumin reactions and con- 
tained at least 30 cells per 3 mm 3 . 

The material comprises 77 patients, 37 of whom were under and 
40 over 15 years of age. 56 of the patients had the paretic and 21 
the abortive form of the disease. The number of cerebrospinal 
fluids examined was 84. 

Table 18 shows the results of the examination of the paretic 
and the abortive forms, and of all the cases. 

If we compare the whole poliomyelitis material with the nor- 
mal material, we find that the figures for the Cl-ion content of the 
fluid and the blood-chloride index are higher in the former, while the 



Table 19. 

Paretic poliomyelitis. 
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Table* 20i <■ 


Abortive poliomyelitis. 




— 

— 

— Ntr~of "days±fteri the first symptom 




0—2 

“ 

3—5 


6-^8 


9—93 


0—93 



Z 

P 

Average 

1 


1 

Average 

I 


I 


m 

Cl-ion content of the 

fluid 

6 

124.00 

6 

123i32 

_7 

' 

121.57 

9 

123.58 


123.11±0.49 

s 

Blood-chloride index . . 

G 

139.67 

6 

147-.C7 

7 

143.14 

8 

142.75 

27 

143.26±1.24 

± 6.43 

Sugar content of the 
fluid 

6 

58.83 

6 

62.67 

x 

67.14 

8 

.59.25 

IS 

61.96±1.S5 

± 9.63 

Sugar index 

6 

62.00 

G 

69.33 

7 

60.71 

8 

•56.88 

|27 

61.78 ±2.42 

±12.58 


figures for the sugar content of the fluid and the sugar index are 
higher in the latteV material. The '•difference is 0.91 ±0.46 mmol 
for the Cl-ion cohtent-ofWfluid, 2:83±1.38 for the blood-chloride 
index, 3.88 ±2.19 rug peTlOO cm s for the sugar content of the fluid, 
and 4.24±2.33 for the sugar index. None of these differences are 
statistically verified, -and the investigation affords no support for 
an assumption that;, in the respects mentioned, poliomyelitis pati- 
ents differ from healthy persons. 

From table 18 it appears that the paretic form .shows a 
higher Cl-ion content of the fluid and a higher blood-chlond 

££ hut a .o^sug^—o^itaid.nda,™^ 

index than ^±N61 and 0.85±2.28 mg 

cm’and 3 .»| 3 . 00 -rSpe C ffv e Iy._None of these differences 

SI — - “S 

abortive forms of the each other ^ 

The tables 19 and 20, shor, that the Cl-ton a„d ■ sug 

sstr-isssasr-— ■ ■* 

the fluid is 124.00±0.30 mmo ( content of 

cm s), the blood-chloride U* Mf«± 

the fluid 61,39±1*09 mg pc rmnl limits and in neither 

1.44. All these figures lie svithm the normal touts. 
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Table 21. , 
Epilepsy. 



Cases Without convul- 
sionsr.during the last 

■ /7u 24 ,4: ours 

.Cases with 
convulsions 
'during the 
fast 24 h,ours 


Total cases 

'i 


1 

M ± £ (M) 

o 

2 

O 

M 



o 

Cl-ion content of 
the fluid .... 

54 

123.80 ±0.34 

2.49 

9 

1,19.89 

63 

123.24±0.37 

2.97 

Blood-chloride . 

' index . , 

52 

140.96 ±1.01 

i : 25 

8 

13S.25 

60 

140.60 ±0.93 

7.22 

Sugar conterit of 
the fluid 

21 

• i.< * 

61.00±3.09 

14.17 

O' 

73.40 

26 

63.-3S±2.73 

13.91 

Sugar index . . 

20 

63;90±3.31 

14.81 

5 

•„ 63.20 

25 

63.76±2;78 

13.88 


the paretic nor the abortive form 'do they show any definite ten- 
dency, to rise or fall, during the course. of the disease. There is no 
evidence that the Cl-ion and sugar contents of the fluid and the 
blood-chloride and sugar indexes vary in the paretic and abortive 
forms of; the disease. _ ; \ • . ’ , 


' Epilepsy. 

1 . * 

• When the illness :first makes its appearance it may often be 
difficult to diagnose epilepsy. Nearly all the patients in this mate- 
rial, however, had had the disease for many years, and doubtful 
cases are not included. 

. The material comprises 62 patients (27 children and 35 adults). 
One of the patients was punctured twice, the others once, and the 
humber of cerebrospinal fluids examined was thus 63. See table 21 1 
I A comparison with the normal material show's that in cases 
of epilepsy, the figures for tile Cl-ion content of the c. s. fluid 
pre higher, vdiile those for the isugar content of the fluid, and the 
Jdood-chloride, and sugar- indexes’ are lov'er than in normal cases-. 
The differences are 0.15±0.51 mmol, 1.89±3.31 mg per 100 cm 3 ; 
P-88 ±1.46 and 0.04±3.32 respectively. None of the differences are 
statistically significant. If the normal material is compared with 
epilepsy cases which have not had convulsions during the last 24 
hours, the same conditions are found. According to statements pub;- 
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hshed earlier, the Cl-ion content of the fluid is normal, but the 
material on which this statement is based is small, and the figures 
are not worked up statistically. The largest are Hamilton’s (1925) 
Fremont-Smith and Dailey’s (1925) and Lickint’s (1928) mate’ 
rials, which comprise 16, 11 and 10 cases respectively. 

It appears from table 21 that the average figures for the Cl-ion 
content of the fluid, and the blood and sugar indexes are higher in 
the group »cases without convulsions during the last 24 hours,) 
than in the group »cases with convulsions during /the last 24 hours*), 
but the average figure for the sugar content of the fluid is higher 
in the latter than in the former group. The differences are 3.91 ± 
0.76 mmol, 2.71 ±2.36, 0.70±5.72 and 12.40±5.53 mg per 100 cm 3 
respectively. Only the difference for the Cl-ion content of the fluid 
is statistically verified. 

In the literature I have only found one mention of epileptics 
who were punctured in connection with convulsions, namely 
Hamilton’s. His 2 patients had a Cl-ion content of the fluid 
which did not differ from those of the other epileptics. 

The number of »cases with convulsions during the last 24 hours# 
is somewhat small, as appears from table 21. To obtain a larger 
material of children whose fluids had been examined during the 
same 24 hours that they had had convulsions, I have collocated 
in table 22 the above-mentioned material of epilepsy convulsions 
with a material consisting of 6 children with initial convulsions. 

Table 22. 


All the cases of convulsions. 



Initial convul- 
sions during the 
last 24 hours 

Epileptic convul- 
sions during the 
last 24 hours 

All the cases with 
convulsions during 
the last 24 hours 

2 

a 

M 

gj 

M 

"z 

o 

M ± e (M) 

S 5 

Cl-ion content of the fluid .... 

G 

6 

6 

6 

118.43 

134.33 

74.17 

65.33 

9 

8 

5 

5 

119.89 

138.25 

73.40 

63.20 

15 

14 

11 

11 

119.31 ±0.92 
136.57 ±2.03 
73.82±5.07 
64.36±3.57 

3.56 

7.59 

16.83 

11.86 

Sugar content of the fluid 

Sugar index 
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None of these 6 children had any increase of albumin or cells in the 
fluid, and the children rapidly recovered from the pharyngitis 
which gave rise to the convulsions. 

If a comparison is made between the group »all the cases with 
convulsions during the last 24 hours» and the normal material, it is 
found that the figures for the Cl-ion content of the c. s. fluid and 
for the blood-chloride index are lower, while those for the sugar 
content of the fluid and the sugar index are higher, in the former 
than in the latter group. The differences are 3.78±0.98 mmol., 
4 91^2.32, 8.55±5,41 mg per 100 cm 3 and 0.56±4.01. Only 
the first difference is statistically significant. 

As has been shown above, for the epilepsy patients the values 
for the Cl-ion content of the fluid lie within the normal limits. 
There is no reason to suppose that pharyngitis patients in general 
have a low Cl-ion content of the fluid (several patients with pharyn- 
gitis are included in the normal material). Thus, the conclusion 
is reached that children who have had convulsions during the last 
24 hours before lumbar puncture have a low Cl-ion content of the 
fluid. 

Summary of the results. In epilepsy the Cl-ion content of the 
fluid is 123.24±0.37 mmol, (720.95±2.16 mg NaCl per 100 cm 3 ), 
the blood-chloride index 140.60±0.93, the sugar content of the 
fluid 63.38±2.73 mg per 100 cm 3 and the sugar index 63.76±2.78. 
All these values are in good agreement with the normal values. 
Epilepsy patients who have had convulsions during the last 24 
hours before the puncture have a lower Cl-ion content of the fluid 
than other epilepsy patients. 


Table 23. 


Tumours in the central nervous system. 



Cerebral tumours 

Spinal marrow 
tumours 
Cistern fluid 

Ventricle fluid 

Lumbar 

fluid 

2 

o 

M ± c (M) 

o 

2 

c 

M 

2 

o 

M 

Cl-ion content of the fluid 
Blood-chloride index- 

17 

1G 

124.34 ±0.92 
150.44 ±2.38 

1 

| 

■ 

4 

4 

m 
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; K tlie central, nervous system. -- • 1 

Jhe majority of the tumours wefe gliomas and ineningiomas 
but several other Kinds* of tumours are represented, in alt the 
cases -“the •'diagnosis was verified' at operation -or. autopsy . : ' ,v 
The Material consists of 28 patients, and the cerebrospinal fluid 
wasexamihed once oniy in each case. The results of the investiga- 
tion appear in table 23. r - 


As there' is no normal material of ventricle fluid, it cannot he 
established whether the values in the. table for the Cl-ion content of 
the fluid and for the sugar index are normal or not. In Ghbistian- 
sen’s (1936) material, comprising 13 cerebral tumours, the NaCI 
content 1 of the ventricle fluid varied between 681 and 747 5 and 
averaged : 734 nig NaCI per' 100 : cm 3 . This NaCI content agrees fairly 
well with my own. ' The material of lumbar-punctured cases with 
cerebral tumours, and of cistern-punctured spinal marrow tumours, 
is too small to justify any definite conclusions, but there can hardly 
be a question of any considerable divergencies from the normal. 

Summary of the results. In cases of cerebral tumours the vem 
tricle fluid contains 124.34+0:92 mmol Cl (=■ -727. 39 ±5, 38 mg 
■NaCI per 100 cm 3 ) and the blood-chloride index is 150.44±2.38. 1 


Table 24. 


Various nervous diseases. 


- ■ . — . — 
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. , i » 

Cl-iou 
content 
of the 
fluid. 
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Blood- 

chloride 

index 

Sugar 
content 
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fluid 

Sugar 1 
index 
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HR 

2 

mil 

2 

61.50 

2 

51.00 


1 

126.9 

1 

IMI 

— 

— 
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1 

125.5 

1 

152.2 

— 

— 


— 

Pachymeningitis ihaeniorraghica int. 

1 

2 


* 

2 

n 

1 

2 

51 

76.50 

1 

2 

62.3 

84.50 

Sclerosis dissiminata 

7 

3 

124.39 

125.20 

7 

3 

m 

3 

3 

64.33 

66.67 

3 

3 

7Q.33 

60.67 


13 

123.83 

13 

138.62 

13 

63.46 

13 

66.38 

Idiotia and Imbecillitas • 

3 

125.90 

3 

136.33 

3 

50.00 

2 

64.00 












Table 25. O 

Percentage of examinations, which fall outside the normal limits, calculated at 2 o, 2.5 a and 3 a. 
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Normal material 


117,03-129,15 


The. menlngites 


Bacterial menlngites 


.Aseptic menlngites 


follornyelites 


Epilepsy 


78,69-132,95 

90 , 41 - 145,27 


110,50-133,60 

113,75-132,28 


114 . 45 - 132,03 

108. 63-129,99 


Convulsion diseases 

70 80 90 100 

Mmol.Cl'io'ns In fluid 
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Fig. 4. 
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Other diseases in the central and peripheral nervous system. 

, t „ H . 24 a number of nervous diseases have been collocated. 
The number of in each group is too small to justify any 

general conclusions With ^SfpXhly high, 

,. f fj, p rerebrospinal fluids examin- 

KS=bsar“-* 

sugar indexes. Further, it has b« of di(£er ent morbid 

averages which are based on roves g ^ ^ nonnal material, 
conditions differ from the f the number of exami- 

In table 25 is indicated what percentage 
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nations fall outside the normal limits when the dispersion has been 
calculated at 2 o, 2.5 a, and 3 a. 

It appears from the table that, in tuberculous and bacterial 
meningitis cases, the majority, and in some other diseases (convul- 
sion diseases, aseptic meningitis) a number of cerebrospinal fluids 
have a Cl-ion content which lies outside the normal. Further, it 
appears clearly that in all the disease groups the number of examin- 
ations which gave the Cl-ion content as outside the normal is 
larger than those which gave a blood-chloride content outside the 
normal. The Cl-ion content of the fluid, is thus of greater diagnostic 
value than the blood-chloride index. If the Cl-ion content of the fluid 
is compared in the same manner with the sugar content of the fluid and 
the sugar index, it is found that these examinations are of about the 
same diagnostic value and that they supplement each other well. 


A survey of the diagnostic value of the Cl-ion content 

of the fluid. 

A survey of the diagnostic value of the Cl-ion content of the fluid . 

Fig. 4 shows the field within which the Cl-ion content of the 
fluid in different diseases varies, when the limits for the normal 
variation range are calculated at 3 a. The figure show's to what 
extent the range of variation reaches below' or above the normal 
range. In table 25 are only given the numbers outside the normal 
range of variation without regard to the sign (if positive or negative). 

As will be seen, the normal material has the smallest and tuber- 
culous meningitis the largest variation range. For the majority of 
the disease groups the variation range extends farther below the 
lower limit for the normal than above the upper limit for the nor- 
mal. The variation range for tuberculous and bacterial meningitis 
extends far down, and if the Cl-ion content of the fluid is lower than 
108 mm °l (— 631.8 mg NaCl per 100 cm 3 ) the patient has a tuber- 
culous or bacterial meningitis. The variation range for tuberculous 
meningitis extends farthest dowrn, and a Cl-ion content of the fluid 

below 90 mmol (= 526.5 mg NaCl per 100 cm 3 ) is pathognomonic 
jor the disease. 



SUMMARY.- 


• . . i X . 

■; ; .A survey -of . the literature shows .that, mamy-authors. have 
Occupied themselves with .determinations of, the GI-ion'content-,of 
the cerebrospinal fluid. A number of these authors have also deter- 
mincd the relation between the.CIrion content of the fluid and of. the 
blood. Ligh t has been thrown-. on many jreleyant, problems by these- 
earlier investigations. The majority of the authors mentioned have, 
however, not determined the margins of error of the methods 
employed, nor had at their disposal a large investigation material, 
uor worked up their results statistically. 

The purpose of the present work is to try to determine 
the diagnostic value, firstly, of the Cl-ion content of the fluid, and 
secondly, of the relation between the Cl-ion content of the fluid and 
of the blood, and whether these investigations afford more of; diag- 
nostic value than determinations of the sugar content of the c. s.- 
fluid and of the sugar index. 

The material comprises 428 cerebrospinal fluids from 355.pati~. 
ents, of whom 189 were between 6 months and 15 years old, and the. 
other 166 patients were more than 15 years old. 

The method, employed for the Cl-ion determinations in the, 
fluid and the blood was electrometric microtitration. Its sources, 
of error were found to be c. 0.5% and 2 % respectively. For deter-: 
minations of the sugar content of the fluid and the blood . Hage-. 
dorn-Jensen’s method was employed. 

■ To illustrate the importance of vomiting for the Cl-ion content of 
the fluid, and for the relation between the Cl-ion content of the fluid, 
and of the blood (this relation multiplied by 100 is designated the. 
blood-chloride index) the author used a poliomyelitis material.. 
This was divided into three groups, namely, 1. patients who had 
vomited during the last 24 hours before the punctures, 2. patients 
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who had not vomited during the last 24 hours before the. punc- 
tures, 3. patients. about whom it was not known whether they 
had vomited or not during the last 24 hours before the punctures. 
It proved that in this material the vomiting had not had any 
significance in the respects mentioned. The question must be left 
open as to whether the vomiting plays any role for patients 
whose vomiting was more pronounced than in the case of the 
poliomyelitis patients. 

The author has tried to answer the question whether there is any 
difference in the Cl-ion content of the lumbar and cistern fluids, firstly, 
by comparing the Cl-ion content of the lumbar and cistern fluids 
in patients who were lumbar- and cistern-punctured at the same 
time, and secondly, by examining different portions of the fluid ob- 
tained with fractional lumbar punctures, and finally, by comparing 
the Cl-ion content of the fluid in patients who were lumbar-punc- 
tured with the Cl-ion content of the fluid in patients who were cis- 
tern-punctured. No difference as between the Cl-ion content the 
lumbar and cistern fluids could be proved. 

The author has tried to establish whether the Cl-ion content of the 
fluid and the blood-chloride index bears any relation to the patient’s 
age, by determining the correlation between the age and the Cl-ion 
content of the fluid, and between the age and the blood-chloride 
index in the poliomyelitis material. No age correlation could be 
established. 

The Cl-ion and sugar contents of the fluid and the blood-chloride and 
sugar indexes in the normal conditions. As lumbar and cistern punc- 
tures cannot be considered entirely risk-free, the author has not 
attempted to obtain a material consisting of fluids from com- 
pletely healthy persons. As a substitute for such a material the 
author selected from his clinical cases certain cases in which there 
was reason to assume that the contents of Cl-ions and sugar in the 
fluid and the blood were the same as those in healthy persons. This 
so-called normal material comprises 33 patients. In these very 
slightly affected patients, who were not suffering from diseases of the 
central nervous system, and in whose fluids no morbid changes 
were established, the Cl-ion content of the fluid was 123.09±0.35 
mmol (= 720.1 ±2.05 mg NaCl per 100 cm 3 ), the blood-chloride 
mdex 141.48±1.12, the sugar content of the fluid 65.27±1.90 mg 


5 
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per 100 cm 3 and the sugar index 63.80±1.83. The range otvaria- 
.0,, for Ihe C Won conical of the fluid extends from 118.7 mmol 
(=001x1 mg NaCl pr 100 cm 3 ) to 120,8 mmol (=741.8 me Naf.1 
pr 100 cm 3 ), for the blood-chloride index from 128 lo 156 for 
Hie sugar content or the fluid from 48 to 89 mg pr 100 cm 3 ’ and 
for the sugar index from 50 to 81. 


Thc Cl ' ion <md sur/or conicnls of (he fluid and Ihc blood-chloride 
and sugar indexes in morbid conditions. 

Tuberculous meningitis. The material comprises 35 lumbar fluids 
from 16 patients. Both the Cl-ion and sugar contents of the fluid 
and Die blood-chloride and sugar indexes are lower than normal. 
Even in t he earlier stages of the illness the Cl-ion and sugar contents 
of the fluid and the sugar index are lower, and the blood-chloride 
index probably lower than normal. A greatly reduced Cl-ion con- 
tent of the fluid affords more valuable information for the diag- 
nosis ibc-meningitis than a greatly reduced sugar content in the fluid. 

Bacicrial meningitis. In tins group arc included all the cases of 
meningitis in which bacteria were proved in the fluid, except the 
tuberculous meningitis cases. The material consists of 56 cerebro- 
spinal fluids from 25 patients. Both the Cl-ion content and the 
sugar content of thc fluid and the blood-chloride and sugar indexes 
are lower than normal. Thc Cl-ion content of the fluid is probably 
higher in meningitis caused by Pfeiffer’s influenza bacillus than in 
meningitis caused by Micrococcus catarrhalis. The blood-chloride 
index is probably lower in the patients who succumb than in those 
who recover. Thc Cl-ion content of the fluid possibly affords more 
valuable information for the prognosis than the blood-chloride 
index, the sugar content of the fluid, or the sugar index. 

Aseptic meningitis. In this group have been collocated a num- 
ber of heterogeneous cases which have the following in common: 
Clinical signs of meningeal irritation, increase in cells and albu- 
min in the fluid, sterile fluid, no symptoms of tuberculosis or lues. 
The material comprises 51 cerebrospinal fluids from 35 patients. 
Within the group a division into 3 sub-groups has been made. These 
are meningitis lymphocytaria, meningeal irritation in acute infection 
diseases, and meningitis sympatica. Both the Cl-ion and sugar 
contents of the fluid and the blood-chloride index are within tiie 
normal limits, but the sugar index is lower than normal. 
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Meningeal irritation without increases in cells or albumin in 
the fluid. The material consists of 22 cerebrospinal fluids from 11 
patients suffering from some acute infection disease, and 7 from 
patients suffering from tuberculosis. The values for the Cl-ion and 
the sugar contents of the fluid, and for the blood-chloride and 
sugar indexes probably lie within the normal limits. 

Poliomyelitis ac. The material comprises 84 cerebrospinal fluids 
examined from 56 patients suffering from the paretic and 21 pati- 
ents suffering from the abortive form of the disease. Both the values 
for the Cl-ion and the sugar contents of the fluid, and the blood- 
chloride and sugar indexes lie within the normal limits. These 
values do not show any difference as between the paretic and the 
abortive forms of the disease, and in neither of the two forms of 
the disease have they any definite tendency to rise or fall during 
the course of the disease. 

Epilepsy. The material comprises 63 cerebrospinal fluids from 
62 patients. Both the Cl-ion and the sugar contents of the fluid, 
and the blood-chloride and sugar indexes lie within the normal 
limits. Epilepsy patients who have had convulsions within the last 
24 hours before the puncture have a lower Cl-ion content of the fluid 
than other epilepsy patients. 

Tumours in the central nervous system. The material comprises 
28 cerebrospinal fluids from 28 patients; 17 patients suffering from 
cerebral tumours were ventricle punctured. The ventricle fluid in 
the latter had a Cl-ion content of 124.34±0.92 mmol (= 727.39± 
5.38 mg NaCl per 100 cm 3 ), and the blood-chloride index was 
150.44±2.38. As there is no normal material of ventricle fluids, it 
cannot be determined whether these values lie within the normal 
limits. 

For a number of other diseases in the central nervous system the 
Cl-ion and sugar contents of the fluid and the blood-chloride and 
sugar indexes were determineed. The number of cases in each disease 
group is too small to justify any general conclusions, but there will 
probably be no considerable divergencies from the normal. 

A tabular survey of what proportion of the cerebrospinal fluids 
examined fall outside the normal limits in different morbid con- 
ditions shows that the Cl-ion content of the fluid is of greater 
diagnostic value than the blood-chloride index. The table shows. 
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further, that the Cl-ion content- of the fluid is of about the same 
diagnostic value as the sugar content of the fluid and as the sugar' 
index, and that these investigations supplement each other. 

Extremely low values of the Cl-ion content of the fluid. If the 
Cl-ion content of the fluid is lower than 108 mmol (= 631.8 mg 
NaCl per 100 cm 3 ), the patient has either a tuberculous or a bacte- 
rial meningitis. A Cl-ion content of the fluid lower than 90 mmol 
(— 526.5 mg NaCl per 100 cm 3 ) is pathognomonic for tuberculous 
meningitis. 
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Preface. 


This work is divided into two sections. In Part I a new mas- 
tication test is discussed, which is based on older tests that have, 
however, been very much modified. Further, a method has been 
worked out of calculating the effect of mastication, which lias 
resulted in a mastication coefficient. The aim has been to make 
the method possible for practical use, and also to render it 
sufficiently easy to use for mass investigations. 

In Part II an investigation has been made of the chewing in 
persons of different sex and age (children, adults and old people), 
and in groups with sets of teeth of varying nature. In the first 
place, the quality of the teeth lias been investigated in the 
above-mentioned groups, made from an average population. The 
number of chews and the effect of mastication have been analysed, 
and, finally, an investigation lias been made of chewing with 
full dentures. 

When working out the methods, the author was given working 
facilities in the Physiological Institution, Uppsala. I should like 
to offer my warm thanks to Professor Torsten Teorell for the 
kindness and interest he has shown me, and the advice I have 
had from him. This applies in particular to the working out of 
colorimetrical determinations of the test portions’ degree of 
reduction. 

In the statistical treatment of the material, place at the State 
Institute of Race Biology was put at my disposal. I would like 
to thank the Head of the Institute, Professor Gunnar Dahlberg, 
for his kindness here, and for the advice he gave me during the 
statistical analysis. I should further like to thank Miss Ingegerd 
Plyhr, Miss Martha Adler and Mr Gustaf Kujahn for their 
painstaking work of calculation. 

The translation has been carried out by Carolyn Hannay, 
M. A., and to her, too, I offer my warm thanks. 


Beriil Dahlberg. 




Chapter 1. 

Survey of the literature. 

If we leave out of account the importance of the teeth for 
appearance and speech, it is plain that their sole task is to divide 
up the food into small pieces. In odontology attention has prima- 
rily been paid to diseases connected with the teeth and the pa- 
radentium. As a matter of fact, no very great interest has been 
shown to the function of the teeth under physiological and patho- 
logical conditions, although the effect of mastication no doubt 
could he called a central problem within odontology. 

It is, however, not only of theoretical but also of practical 
importance to get an idea of the masticatory powers in different 
sets of teeth. 'When, for example, a conscript is to be judged 
for military service, it stands to reason that some regard must 
also be paid to the state of his teeth and his powers of mastica- 
tion. It has, however, not been possible to reach generally accepted 
noi-ms by applying viewpoints of military hygiene to the teeth, 
since there has been no very exact knowledge as to how far the 
powers of mastication decline when the condition of the teeth 
gets worse. One of the few authors who has made any statement 
on this point is Kantokowicz, 1932, who says that the experien- 
ces during the "World War 1914 — 1918 would show that 3 — 3 */» 
pairs of molars or bicuspids should ensure fitness for military 
service. No investigations seem to have been made to substantiate 
rules of this kind. 

In practical dentistry, a closer knowledge of the masticatory 
effect and its relation to the number of teeth is necessary — for 
example, when deciding whether a patient requires prosthesis. 
There is no doubt that an almost complete loss of teeth definitely 
indicates artificial ones. There is a stage between extremely de- 
fective sets of teeth and almost complete ones where, according to 
Kantorowicz, it can be said that »wo man die Grenze fur die 
Notwendigkeit des Ersatzes zielien will bleibt in gewissem Masse 
der Willkiir iiberlassen». It is, of course, a perfectly tenable view 
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that every defect in the set of teeth should be restored as far as 
possible, not only to keep the masticatory powers at as high a 
level as possible, but above all to prevent secondary consequences 
on the antagonist teeth and adjacent teeth, and also on the set 
as a whole. It is difficult in practical work to act consistently 
according to such norms, and it is therefore of particular interest, 
when deciding if the patient requires artificial teeth, to have a 
clear idea of the masticatory powers in relation to the number 
of teeth. 

Kantorowiez maintains that the powers of mastication are pal- 
pably diminished with the loss of five or more units, so that 
prosthesis is needed. In this connection, one pair of molars in 
an antagonist position is regarded as one unit, and other pairs 
of teeth as half a unit. This rule is not, however, based on 
investigations showing that just such a loss of teeth is definitely 
detrimental to masticatory powers' to this extent. At present it 
is not possible to motivate fixed indications for prosthetic repla- 
cement, since it is not known how many teeth of different types 
can be missing without serious detriment to the powers of masti- 
cation. In other words, it is not possible to give the patient defi- 
nite reasons for the degree of toothlessness at which replacements 
are necessary. The result of this is that it is often the patient 
himself who decides when such treatment is to be undertaken, 
and this almost always means that the treatment is begun unnecess- 
arily late ; i. e. not until the patient himself cannot stand the situa- 
tion any longer and, in many cases, only after prononnced ano- 
malies in the set of teeth and their position have further impai- 
red the powers of mastication. 

Finally, it may be recalled in passing that a connection may 
exist between impaired masticatory powers and disturbances in 
the gastro-intestinal canal. These problems have met with lively 
scientific interest and a large number of investigations have been 
carried out to show this connection in more detail. It is fairly 
well agreed that, if the gastro-intestinal canal is pathologically 
disturbed, poor mastication has a harmful effect on the course 
and duration of the complaint. Actually, though, we have no 
exact knowledge as to the importance of the teeth in this respect. 
Questions of this kind can only be answered when we are able to 
decide both how far an incomplete set of teeth decreases the masti- 
catory powers, aud the extent to which the gastro-intestinal canal 
receives far too inadequately chewed food when teeth are missing. 
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Although the problems connected with the powers and the 
effect of mastication have both theoretical and practical interest, 
the odontological literature contains only a few works which deal 
with them in more detail. The present survey will deal first 
with the methods used for determining the effect of mastication, 
and then give a short account of the results obtained by them. 


The method s used. 

The first to deal with the problem was Chriotiaksex, 3922. 
The aim of his investigation was to determine whether complete 
prostheses. mounted according to the articulation method, were 
better able to reduce food than such as were mounted according 
to the occlusion method — i. e. in an ordinary hinge-articulator. 
Christiansen’s procedure, in his experiments was first, to supply 
several suitable subjects with a double set of complete prostheses. 
the teeth being in articulation in the one and in occlusion in the 
other. When the patients had got used to both of these, they were 
given a certain substance to chew, which was then examined. 
The substance chosen as tost material was cylinders of Spanish 
hazel-nut- for the first experiments; later, however, cocoanul 
was used, though Christiansen says that this latter is tougher and 
more troublesome to chew, and gives results inferior to those 
obtained with hazel-nuts. He gives no reasons why lie continues 
to use cocoanul. It is further to be noted that neither the weight 
nor the volume of the portions are given. 

The experiments were carried out in the following way. The 
patient was made to chew the test material 50 times, and then 
spit it out. into a measuring-glass with a volume of 500 c. cm. 
The glass was filled with water up to the 500 line and the contents 
poured into a strainer, after which the same amount of water was 
poured through live times. The apparatus consisted of four con- 
tainers one above the other, each with a straining-net with meshes 
°3 1 /a- Y i>* 3 and 2 mm. a side. After straining, the four frac- 
tions were dried in a drving-euphoard at. 100° C, and when 
constant weight had been reached — which was calculated to 
take place after an hour — each fraction was weighed. Each 
quantity was then reckoned in per cent of the total weight. 

As Christiansen has given no data as to the reliability of the 
method, it is not known how far the results vary from one occa- 
sion to the next, when the experiments arc repeated on the same 
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person. It is therefore impossible to determine how far the 
method yields satisfactory results. There is, however, reason to 
suppose that a straining in the simple apparatus and with the 
small amount of rinsing-water that Christiansen used would 
give fairly uncertain figures. 

Christiansen is nevertheless the first to present and seek to 
solve the problem by testing out the effect of mastication on a 
definite material. The method he gives has been taken up by 
later authors. Thus, in an investigation in 1928 using on the 
whole the same methods, Balters tried to compare the effect 
of mastication with prostheses made with and without regard to 
the individual path of the condyles. The alterations made by Balters 
in the method were that the size of the straining-nets was increa- 
sed (0.3o, 0.75, 2 and 3 mm.), and that the strainers were rinsed 
with Water from a rubber tube attached to the water-tap. Tills 
rinsing method is an improvement; a source of error is, however, 
to be found in there having been no arrangements made to stan- 
dardize the rinsing. Balters gave neither the time for rinsing, 
the water pressure nor the amount of water used during straining. 
In this investigation, too, the test material was cocoanut. The 
fractions were dried in a drying cupboard at 100°, and weighed. 

In 1932 Juul investigated the masticatory powers in children 
with normal and abnormal occlusion. The method is the same 
as that used by Christiansen and Balters, cocoannt being used 
as test material to a weight of 6.5 g. per portion. The holes in 
the strainers had about the same size as in the one used by 
Balters. It should, however, be mentioned that the meshes of 
the finished nets, which are mass-produced are not all the same 
size, since the wires cross each other without being fixed at 
each intersection. Differences between the meshes can clearly 
be seen in figures given in the paper. -Juul gives the mean size 
of the meshes and uses a network where they are on an average 
O.p 1, 1.5 and 2 mm. 

An investigation of the masticatory powers of adults with 
their own teeth was carried out by Ascher in 1938. The method 
differs only in a feiv points from that of Christiansen. Instead 
of cocoanut, Ascher used peeled Brazil-nut for test material. The 
quantity per portion, 3.5 g., was about half the amount of cocoa- 
nut Juul tried on children. Comparing cocoannt und Brazii-nni 
from the point of view of mastication, there is reason to suppose 
that the latter is more suitable as test material, since it has a 
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fairlv homogeneous consistency; eoeoanut, on the other hand, 
has a tendency to disintegrate during- mastication along lines 
' of cleavage implicit in its structure. When determining the coarse- 
ness of the network in the strainers, Ascher has used the rules 
in Deutsches Arzeneibucli for strainers used in sorting chopped 
herbal drugs and pulverized medicaments. He decided on meshes 
of 0.30, 0.75, 2 and 3 mm. a side. In the sorting, drying and 
weighing of the fractions, Ascher ’s method tallies with those of 
previous investigators. 

The masticatory powers in adults with their own teeth have 
also been investigated by Gelman, 3932. The method be used is 
relatively simple and differs in important points from that of 
Christiansen. Tlie test material consisted of sweet almonds, 
with about four almonds, corresponding 1o approximately 5 g. 
of substance, to each portion. The test- subjects were made to 
chew not a fixed number of times but for a fixed period, on an 
average 50 seconds; the author has not. shown why this latter 
method should be preferred to the former one. The number of 
chews per time unit varies very considerably, since different 
people chew at different rates according to habit or temperament. 

In contrast, to Christiansen, Gelman dried the fractions over 
a water bath instead of in a drying-cupboard at 300”. before 
the sorting out of the particles into different sizes. lie considers 
drying in a drying-cupboard inadvisable, as lie is afraid the 
chewed particles might change their shape during the process. 
It goes without saying, that there is shrinking of 1 lie particles, 
since the test material contains water which drying causes more 
or less to evaporate. If the particles are first sorted by means 
of the strainers, there is nothing to prevent the drying being 
carried out afterwards, provided it is taken far enough to be 
expected to give constant weight. The objection can, however, 
be made to drying the chewed fractions in a drying cupboard, 
that there is no guarantee the process will, as regards different- 
sized particles, lie the same from case to ease. Obviously the 
largest particles will not, in the same time, loose as much water 
as the smallest ones. Gelman ’s method of first drying the chewed 
mass over a water bath and then sorting the dried particles is 
uncertain, as such a drying will probably be fairly uneven and 

Im’f fi,!” d TT' V’. T " 10 0,le lhe *.vmg goes on ton 

. 5 ; ait ; cles s milk an(l illc Straining is affected. On the 
other hand, if the mass is only slightly dried, it affects the 
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results of tlie weighing. It is plain that. Gelman did not consider 
these points of view, since he states he dried the mass for 10— 
40 minutes, and thus did not use a constant time. 

The straining was done by shaking the dried mass through 
a single strainer, with round holes 2.i mm. in diameter. The 
method of investigation is very rough; only the part of the 
chewed material remaining in the strainer has been preserved. 
The weight of the weighed fraction which remains in the strainer 
was then calculated in per cent of the undried mass, i. e. 5 g. 

From a practical viewpoint it may he objected that the test 
materials used in the investigations described must have been 
difficult to chew for persons with poor teeth. After all it is 
first and foremost the masticatory powers of such persons that 
there is special reason for testing. It is further of importance 
that the test material should be standardized, homogeneous and 
indissoluble in saliva. It is probably doubtful whether hazel-nut, 
cocoanut, Brazil nut and almond are, in the respects mentioned 
above, what is required in a test material. It is likely that the 
material, at all events to some extent, changes its character when 
kept due to possible drying. 

For the straining, most investigators have used a network of 
four sizes, two of which had meshes so small that only very tiny 
particles could get through. "When investigating the effect of 
mastication efforts should be made as far as possible to base the 
investigation on the fact that it is the power of the jaws and 
the teeth to decimate ordinary food which is of interest. Con- 
sequently, the above choice of test material and of strainers 
has not been appropriate. Too fine strainers have been used. 

The method of sorting out the chewed portions into diffe- 
rent fractions has not been standardized. The drying of the 
fractions gives no sure guarantee that the different-sized par- 
ticles are dried to the same extent from case to case. The sepa- 
rate fractions remaining after the drying do not weigh much, and 
the values obtained after weighing are not made more reliable 
by the fact that this is done with precision scales to the fourth 
decimal place, as the straining method is probably very uncertain. 

Summing up, it should thus be possible to say that, up to now, 
not very suitable test materials have been used, and that the 
methods which have been worked out have been unsatisfactory 
and must have given very unsure values. These judgments are 
based on a general discussion of the methods. No investigator 
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lias made an analysis of tlie standard error of measurement, and 
there are therefore no exact data as to their reliability. This 
being so, it is desirable both to work out, if possible, a more 
reliable method, and also to investigate the limits of error for 
the method which may finally be achieved. 

A short account will now be given of the results obtained 
by the above-mentioned authors in their investigations with the 
methods described into the masticatory powers of a number of 
persons. 


The results obtained. 

As has already been said, Christiansen, 1922, tried to in- 
vestigate whether complete prostheses, mounted according to the 
articulation method, function better in mastication than those 
mounted according to the occlusion method. His material con- 
sists of 7 persons with complete prosthesis of eaeli kind. The 
author submits figures of the distribution into different frac- 
tions in articulation prosthesis and occlusion prosthesis, and 
draws the conclusion that the articulation prosthesis functions 
better. Actually, there are no criteria for judging whether the 
difference in his material is a true one or has arisen at random. 
Seeing that, as has been said before, the method must be fairly 
uncertain, and as he investigated only 7 persons, it is very 
possible, and even probable, that the moderate differences he 
found are purely chance ones. It is therefore impossible to ven- 
ture a definite statement on the basis of the published mate- 
rial. Christiansen has also investigated the masticatory powers 
in 10 persons with complete prostheses, mounted in such a way 
that the teeth of the one side were set in articulation and those 
of the other side in occlusion. The aim with this was that the 
patient should chew exclusively with the articulation side on the 
one occasion, and with the occlusion side on the second. The 
results from this experimental series show, on the whole, smaller 
fractions on the coarsest strainer and higher fractions on the 
finer strainers in chewing with the articulation side. In a num- 
ber of cases the difference is not marked ; this the author consi- 
ders due to the fact that the teeth on the occlusion side happened 
to be set comparatively correctly. The author has also compared 
the effect of mastication in several patients with defective sets 
of teeth with and without artificial replacement, and, further, 
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With prostheses where the teeth in the articulator had been set 

Z Z d § ?!r d 111 Wlth eonsidei ‘ ation Paid to the path of the 
C /, eS f the parent. After allowing- the patient time to get 
used to the set, the masticatory effect was investigated The 
same prosthesis was put into the articulator again and the teeth 
ground m with the path of the condyles in horizontal position 
and with the same height for the bite. After this the masticatory 
effect was again tested. 

By arranging the experiments in this way, the same con- 
ditions were obtained with the two chewing tests except for the 
factor which the author wished to test. He found no difference 
in the masticatory effect »outside the normal range of variation», 
but at the same time he stresses the fact that the results do not 
piove it unnecessary to take into account the slope of the con- 
dyles when making complete prostheses. 

Compared with Christiansen, Balters is remarkably chary 
with his conclusions and has his eyes open to the uncertainties 
which attend the method of testino- 

o • 

In a later work Balters, 1930, has investigated the mastica- 
tory powers in a patient who was made to chew successively with 
four complete prostheses mounted with the same height of the 
bite, the same base and the same front teeth, but ivith grinding 
teeth of different construction and material. Here the author 
considered he found marked differences in masticatory powers 
betAveen the different prostheses. HoweA r er, it is hardly possible 
to reach any definite conclusion on the basis of the figures Bal- 
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ters submitted, since no computation has been made of the stan- 
dard error of the. testing. 

How effectively a complete prosthesis functions depends on 
several factors, as e. g., the height and firmness of the ciista, 
the way the jaws are placed in relation to one another, the aiti- 
culation of the teeth, and so on. A number of experiences have 
been empirically collected as to how a prosthesis is to be con- 
structed to function satisfactorily. It. is, however, the patient’s 
own experiences which ultimately decide whether the prosthesis 
is to be considered »satisfactory». Now, when judging his pros- 
thesis, the patient has as a rule only slight criteria to go on, 
and seldom has the chance to compare different models. Even if 
the information he gives has a certain value, it would be of ad- 
vantage to get in addition an objective gauge of the effect ivity 
of the prosthesis by means of a test of the masticatory effect. 
We could then, as Balters tried, also go a step further and make 
prostheses identical save in the one or other respect, and thus, 
by a systematic investigation, find out the relation different 
constructions bear to one another as far as function is concerned. 

The effect, of anomalies in the set of teeth on the masticatory 
powers has not been studied in much detail. It has been assumed 
without any definite grounds that practically every clear ano- 
maly means a decline of these powers. Jurn, 1D32, has taken up 
this problem for investigation and collected a material consisting 
of 27 children with normal occlusion and 26 with abnormal occlu- 
sion. The children, who all had complete sets of teeth, were from 
11 — 17 years of age. 

The author compares the effect of mastication, expressed in 
per cent of the 4 different fractions, in children with normal 
and abnormal occlusion, and finds that the latter have larger 
fractions on the coarsest strainer. For the three finer strainers, 
the situation is reversed. The results show that the masticatory 
powers in children with anomalous sets of teeth are on an average 
worse than in those with normal sets of teeth. It is, however, 
difficult to estimate the results obtained, since no more detailed 
information is given as to the degree of dental anomalies. Fur- 
ther, the author has hot calculated the standard error of the 
tests, so that no closer analysis of the figures is possible. 

A work of Asthek, 1938, deals with a material of adults, some 
with complete and some with defective sets of teeth. The author 
presents 68 tables with figures of chewing tests, but the tables 
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do not show how far the tests were carried out by the same 
person; nor is the number of investigated subjects given. 

The investigation material is divided according to the num- 
ber of teeth into three groups. Under the first group come the 
complete sets, and, as well, such as have an unbroken row of 
teeth only on the one side. Characteristic for this group is the 
fact that, the fraction on the coarsest strainer, is very small 
and as a rule equals nought. The sum of the fractions in the two 
finer strainers is larger than those in the two coarser ones. 
Under the second group come the slightly defective sets of teeth 
with up to 6 mastication units missing (one mastication unit 
means according to Asclier, one molar pair in articulation posi- 
tion, and a half unit a pre-molar pair or incisor pair in articu- 
lation position). The difference between this group and the 
first one is small, and it is also characterized by the sum of 
the finer fractions being greater than that of the coarser. The 
third group with more than 6 mastication units missing shows 
no »eorrelation» between the masticatory effect and the number 
of mastication units. With 30 chews, the coarser fractions pre- 
ponderate, and it is only after 80 chews that there is a levelling 
out to the advantage of the finer fractions. The author comes 
to the conclusion that a loss of more than 6 mastication units 
indicates prosthetic replacement. 

It is, however, impossible to judge how far the conclusions 
which the author considers himself able to draw are motivated by 
the numerical result submitted. It has not been statistically 
treated, and the figures vary not inconsiderably. A statistical 
treatment is impossible, on account of missing data as to how far 
the tests have been made by the same or different persons ; nor is 
it known to what extent the author may possibly have wanted to 
demonstrate results by submitting selected examples. The figu- 
res given naturally point in the direction given by the author, 
without our being able to consider his conclusions to be proved. 

Gelman, 1932, has carried out about 250 masticatory function 
tests, of which a small number are described in his work. As 
has already been said, the author had his test subjects chew for 
a certain period. One table shows that, of 7 persons, two needed 
to chew for 30 seconds and the rest for 50 seconds for practically 
no remains of the chewed material to remain in the only strainer 
he used. The 'optimal’ chewing period was set at 50 seconds, 
and this time was chosen as a unit for the chewing tests. 
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The author investigated 38 persons, for whom he gives figures 
for masticatory effect and the number of articulating pairs of 
teeth. According to the tables, it appears that 4 investigated 
persons with, on an average, 12.5 articulating pairs of teeth have 
a mean figure of 96.4 per cent for the part of the test material 
passing the strainer. It further appears that 17 persons with, 
on an average, 9.8 articulating pairs had a corresponding figure 
of 68.7 per cent, and the mean for 13 persons with an average 
of 7 articulating pairs was 54. i per cent. It is finally seen that 
4 persons with an average of 3.2 articulating pairs of teeth had 
a mean of 17.9 per cent. 


The author finds that a loss of 6—9 articulating- pairs of 
teeth i. e. on an average, 7 pairs — decrease the masticatory 
powers by half, which state he considers to give a fairly unsatis- 
factory masticatory effect. 

There is no possibility of determining how far the differen- 
ces found by the author have arisen at random, since he sub- 
mits no figures for the individual cases and has not made calcula- 
tions about the standard error. For the rest, he sets up a strange 
formula for the effectivity of the chewing, which includes not 
only the period of mastication and the amount of material chewed, 
but also a factor characterized as the psychosomatic condition 
oi the test subject and ’die Lebensverhaltnisse ’. 

It may be advanced, by way of summary, that investigations 
hitherto carried out indicate that it should be possible by chewhm 
tests to measure the masticatory effect in persons with sets of 
teeth oi different character. Meanwhile the methods hitherto 
used must be regarded as very unsure, but it should be possible 

Ts T + he iiV f Sti8 ' ations which have b een carried out 

1 , ^ lffeient P e °P le chew, comprise comparatively small 

star r C( | ed matenalS} wlliel1 have not been submitted to any 
statistical anaiysis. For this reason, no clear picture of the mastf- 
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The first part of this investigation concerns method. An attempt 
is made to work out a method suitable for determining the 
masticatory effect. Different materials have been tried out to 
ascertain their suitability as test materials. An apparatus for 
straining has been constructed, and special methods of compu- 
ting the effect of mastication by reducing the test material have 
been worked out. The author has arrived at a standardized 
method which should be tolerably exact, and at the same time 
can be used for mass investigations. 

In the second part this method is used for testing the masti- 
catory effect in children, grown-up persons, old people and per- 
sons with full prostheses, of both sexes. This material has been 
statistically analysed, firstly in regard to the extent of the de- 
fects in the teeth and the number of contacts between the teeth. 
Secondly, the chewing has been investigated and the number of 
chews in persons differing as to age, sex and the character of 
their sets of teeth, has been statistically analysed. The third and 
main point of the investigation is the masticatory effect in vary- 
ing conditions of the teeth apd in groups of different age and 
sex. In particular the variability and factors which canse the 
variability are investigated. Finally the masticatory effect in 
persons with full prostheses is compared with the effect of 
mastication in persons with teeth of their own. 

In the statistical analysis only elementary methods have been 
employed. The reader is referred to any textbook, for instance: 
Gunnar Dahlberg: Statistical Methods for Medical and Biologi- 
cal Students (1940). 



Part I. 


Methods of a mastication test 

Chapter 2. 

Theoretical discussion of the requirements 
in a mastication test. 

As appears from the survey of the literature, there is at 
present no satisfactory method of gauging the function of the 
teeth in mastication. A procedure is required which is standar- 
dized and analysed as to its reliability. Not until a satis- 
factory test has been arrived at will it be possible to investigate 
the masticatory powers in a complete and in a more or less defec- 
tive set of teeth, and get something to go on when judging both 
the need and the effect of a prosthesis. Only when it can be 
determined how far an incomplete number of teeth means a 
decrease in the masticatory powers and thus not so good reduction 
of the food, can further investigation be made into the impor- 
tance of a deficient set of teeth for digestion, the general state 
of health, and the like. 

A test method for investigating the masticatory powers calls- 
first and foremost for a suitable material to chew. It is, further, 
necessary to work out a method to establish how effectively the 
chewing is completed. We shall begin by discussing the ques- 
tion of a suitable material, and then go on to determining the 
degree of its mastication. 

Materials for a mastication test. 

At a primitive stage of culture, when the main food substan- 
ces are either raw or very little prepared, the teeth play a very 
much more important part in mastication than is the case in 
civilized conditions. Our usual food is chosen and prepared in 
such a way that the demands we have on the powers of our teeth 
are really very small. 
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The food substances included in a normal diet can be roughly 
divided up according to their consistency into the following 
groups : 

1) soft: 

e. g. butter, cheese, eggs, minced meat, fish, soft bread, boiled 
potatoes, boiled root-crops, stewed fruit; 

2) firm — tough: 

e. g. beef, pork, liver, kidneys; 

3) firm — brittle: 

e. g. hard bread (rye-vita), biscuits, rusks ; 

4) firm: 

e. g. raw vegetables, raw root-crops, raw fruit. 

For persons with few teeth or complete prostlieses, some of 
these substances are difficult or impossible to chew. Most diffi- 
culty is probably encountered in tough boiled beef. Persons with 
poor teeth often cut the meat into small pieces and swallow it 
down without chewing at all. On the other hand, the chewing of 
raw fruit and hard bread, for example, would seem, according 
to reports from the patients, to offer less difficulties, provided 
that the mouthfuls are not too big. 

As regards the nature of normal food, a tabulation has been 
made, based on reports communicated by Kungl. Socialstyrelsen 
(Royal Social Board) of the consumption of foodstuffs in normal 
Swedish households for the fourth quarter of the year 1940. It 
is found that firm and tough food substances (meat etc. of diffe- 
rent kinds) constitute about 4.5 per cent, firm substances about 
5 per cent and firm and brittle substances 2 per cent. The mam 
part of the substances normally consumed belong to the group 
of soft foods, namely 88.5 per cent. 

When choosing material for a mastication test, the following 
theoretical viewpoints should in the first place be observed. 

I. The material for chewing should be of a character to resemble 
ordinary food to some extent. It should not be so easy to chew 
that persons with practically no teeth can press it into bits with 
their tongue and alveolar processes, but it must not either be so 
difficult to chew as to disable persons with extremely bad sets 
of teeth from making the test. The material should be chosen 
within these limits. 
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II. The material for chewing should not swell. or dissolve in 
water or saliva. 

III. During chewing, the material should be reduced in such a 
war that it is possible to establish the degree of reduction. When 
being crushed, it must not be divided along preformed directions 
of- cleavage, as is the case with hard bread ; nor must it stick 
together, as with chewing-gum. 

Prom a practical point of view, it is necessary that the mate- 
rial is standardizable, will keep for more than a very short 
period and has a pleasant or at any rate an indifferent taste. 

As has been said already, boiled beef is unduly difficult to 
chew for persons with insufficient teeth, and does not in other 
respects agree with the demands set. Liver, kidneys or such are 
conceivable materials for chewing, though hardly suitable — fox- 
one thing because they have a somewhat varying character and 
are thus difficult to standardize. 

The hard-boiled white of a hen’s egg answers most of the 
demands which have been set, though, however hard it is boiled, 
it is of so soft a consistency that it can be chewed even by 
toothless people. 

Of the vegetable food substances, raw carrot may be consi- 
dered just difficult enough to chew. Carrot does not break up 
along preformed directions of cleavage; it is, however, somewhat 
soluble and also swells in water. The edges of the chewed par- 
ticles are not sharp, so that a sorting into different sizes will 
he uncertain. There is a difference in consistency between the 
fresh and the stored carrot, and this means that one cannot have 
access to a constant material if the investigation is to spread over 
some time. 

Examples of non-food substances, which are possible as test 
material, are synthetic rubber, indiarubber and gelatin, hardened 
by formalin. 

Synthetic rubber of the kind used by draughtsmen differs 
from usual sorts of rubber by virtue of its porous nature. The 
material fulfils the theoretical demands which have been drawn 
up, but it has an unpleasant taste and gives, when chewed, a 
choking sense of dryness . 1 


1 Only a small quantity has been obtainable for testing purposes. 
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For comparison with synthetic rubber, indiarubber of soft, 
porous character can also be tested. This can be reduced to small 
pieces by people with good sets of teeth, though not completely 
so, since the chewed particles have a tendenc} 1- to cohere. Further, 
indiarubber can be chewed by persons with bad sets of teeth only 
with the greatest difficulty or not at all. 

One would rather expect gelatin hardened by formalin to be 
best able to answer the demands for a suitable material for masti- 
cation. The food substances to which this material can, with 
regard to its consistency, most be likened are liver boiled hard 
or boiled veal gristle. (This latter is not, of course, reckoned 
as a foodstuff but is, alas, not infrequently included as an in- 
gredient in cooked veal.) Gelatin can vary as regards gelatinous 
content, and it is therefore possible to test different consistencies. 
By hardening it in formalin, the mass is changed, so that it no 
longer dissolves in water. There is no very precise knowledge as 
to the effect of the formaldehyde on gelatin at hardening. The 
water is combined to the gelatin micelle. A number of water mole- 
cules are absorbed on the surface of the micelle and others are 
enclosed between the micelles. It has been assumed that the 
effect of the formaldehyde in hardening would strengthen the 
’cross communications’ in the network of polypeptide chains 
forming gelatin micelles, which means that the gelatin cannot 
be dissolved in water or the water molecules penetrate between 
the micelles. 

Subdivision of the test portion. 

In empirical testing of the material, as in making the chewing 
test, the degree to which the chewed portion has been reduced 
must be determined. The most feasible procedure would seem 
to be to follow earlier investigators and divide up the chewed 
mass into a suitable number of fractions, where each fraction can 
be thought to contain particles of about the same size. A further 
concern is to determine the quantity of particles within each 
fraction. How suitably to perform the fractionation depends 
on the character of the test material. When the chewed mass 
does not contain water, as is the case with synthetic rubber or 
indiarubber, for example, the fractions may be dry-sifted and 
weighed. If, on the other hand, the material is one containing 
water, e. g. carrot or gelatin hardened by formalin, mastication 
gives particles which cannot be sorted by means of dry-sifting, 
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for fear of drying up and because of their tendency to stick 
together. Under such circumstances, the straining must he done 
in water. 

In the investigation presented here, the latter method has been 
used. When determining the number of strainers and the size of 
the holes, it is advisable to choose these according to the size of the 
particles present in a test portion ; this la.tter should be divided 
up into enough fractions for each one of them to be compara- 
tively small. Not until this has been done can it be justifiably 
assumed that the particles in one fraction are of an order of 
magnitude lying between the holes in the two strainers limiting 
the fraction. It is advisable to take too many rather than too 
few strainers, so that relatively small and numerous fractions 
are obtained. It is always possible in the statistical treatment to 
put the fractions together, if necessary, but they cannot on the 
other hand be divided up further, if found too few. Previous 
investigators have been content with a few fractions (at most 
four), and a finer division of the portion for chewing is surely 
desirable. 

Running water must be used in straining to prevent larger par- 
ticles from getting lodged in the holes and hindering the passage 
of smaller ones. The running water should have a rotating com- 
ponent, so that the particles are moved about over the holes, and 
at the same time a downward component, so that they are sucked 
through. An irregularly shaped particle with different sizes in 
different planes will in this way have repeated possibilities for 
getting through. 

To get comparable results from straining, the method must 
be standardized as regards the amount of water passing through 
the apparatus per time unit. Standardization implies that the 
time of straining and the water pressure must both be constant. 

Different ways can be taken of determining the size of the 
fractions. Thus, it is possible to get an idea of the particles’ 
distribution in the test portion by weighing the different frac- 
tions separately; any water must, of course, first be removed. 
If the test material contains water, there is a risk that the actual 
particles, too, will dry up. There is obviously difficulty in 
standardizing the drying process so that water is removed to the 
same extent in different fractions. The method has the further 
disadvantage that drying and weighing waste time. This proce- 
dure therefore seems very little suited to a mass investigation. 
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Instead of weighing the different fractions, it is, however, 
possible to count the number of particles which remained in the 
less fine and coarse strainers. Such a count does not take much 
time and should give a reliable result. The difficulties do not 
begin until the counting of the particles in the finer strainers. 
On this account, the finer fractions can suitably be determined 
by measuring the volume after sedimentation of the particles in 
graduated glass tubes. (This method has actually been used.) 
This method has the advantage of weighing in that the size of the 
different fractions is determined without the particles being expo- 
sed to air-drying. The method is quick, and should be suitable 
for use in mass investigations. 

All the same, both methods have the drawback that the results 
consist of a series of figures for the sizes of the different frac- 
tions. The figures show that, if fractions with small particles 
are large and fractions with large particles are small, the reduc- 
tion is more complete than if the opposite is the case. Neverthe- 
less, it is difficult to form from the figure series obtained a 
clear idea of the degree of the test portion’s reduction. The 
figures are difficult to survey as a whole, and a simple expression 
for the degree of reduction is desired. 

Now the act of chewing means that the portion is reduced so 
as to give a larger total surface than in its original state. The 
enlargement of the surface per volume unit has the advantage 
that the digestive juices have better play. It is in this way that 
the chewing of food is of importance for the digestion. In prin- 
ciple, it should therefore be reasonable to try and get a simple 
gauge of the effectivity of mastication by calculating the total 
surface of the fractions and relating them to the volume of the 
test portion. In this way a masiicaiion coefficient is obtained which 
gives a simple expression for the degree of reduction, and which 
has a close connection to the physiological problem in question. 
An assumption now readily presenting itself is that the particles 
are on an average regular polyhedrons. On the basis of different 
assumptions it is possible, when the number of the particles in 
the fractions is known, to calculate the total volume and test if 
it agrees with the known volume of the test portion. It is further 
possible to calculate the total surface and then get the mastication 
coefficient — i. e. the surface area per volume unit. 

It can now be assumed that the particles in the fractions on 
an average correspond to cubes, mixed with shapes of larger 



THE MASTICATORY EFFECT 


25 


volume more or less spherical, and also with shapes of less vo- 
lume corresponding to octahedrons or the like. In reality, of 
course, the question is, throughout, one of particles with very 
irregular shape. It can further be assumed that the particles 
correspond on an average to octahedrons, and we can seek to 
prove this. 

Let us, therefore, assume that the particles are, on an average, 
in the form of cubes and that the measurement of their side 
diagonal lies between the diameter of the holes in strainers that 
have been passed through and those that have not. If this mean 
diameter is called d, the side of the cube is obtained in the 


expression From the side of the cube we get its volume 

]/2 

d 3 

from the expression -—7=, and the volume of the fraction from 

2|/2’ 

d 3 

the expression j\ r -—7= , where N is the number of particles in 

the fraction. We further assume that the particles have on the 
average, the shape of octahedrons, and can then in analogous 

wise calculate their volume from the formula 2 , where B is 

3 


the basal surface of the pyramid and h is the height. The diagonal 
of the octahedron’s base is the same as the side diagonal of the 
cube, so that the side of the octahedron is obtained from the 


d 

expression —7= 
1 / 2 ’ 


the basal surface being 


— and the height in the 


one pyramid - ; the octahedron’s volume will be — . The volume 

of the last fractions can be calculated after it has been determined 
by sedimentation of the particles in graduated glass tubes. It 
is then necessary, however, to change these volumes into number 
of particles, which can be done by determining the number of 
particles per volume unit. The volume of the fraction is then 


d 3 

calculated from the formula vn — , where v = the volume obtained 

o 


through sedimentation and n = the number of particles per sedi- 
mented volume unit. (For cubes of course the corresponding 


d- 


formula is vn —7=.) 

2]/2 ' 
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The surface of the test portion can now also he calculated in 
the same way. If we assume that the particles are cubical, we 
get the surface of the fraction by multiplying the number of 

particles by 3 d 2 (the side of the cube is — ~ as before). The 

J/T 

surface of an octahedron with the same base diagonal as the side 
diagonal of the cube is got from the formula d 2 ]/ 3, if we pro- 
ceed from the same assumptions as in the determination of the 
volumes. For fractions with volumes determined by sedimentation, 
the formula vnd ~}/ 3 is used, where the signs mean the same as 
above. For cubes the formula is vn3d~. 


The following pages will give an account of the investigations 
made with regard to different chewing material and different 
methods of dividing up the test portions by straining into differ- 
ent fractions etc. to the end of achieving a standard method fox- 
mass investigations. Here the author will only anticipate by saying 
that the method finally preferred is one based on a division of 
the test portion by means of straining into 10 fractions. In 
fractions 4 — 10 the number of particles are counted, and in frac- 
tions 1 — 3 (the finest ones) the mass of particles is determined 
by sedimentation in graduated glass tubes. A determination of 
particles per c. cm. is fui'ther made in the sedimented fractions. 
Finally, the surface and volume of the test portion are deter- 
mined under the assumption that the particles in fractions 4 — 10 
corresponded on an average to cubes, and those in fractions 
1 — 3 to octahedrons. The mastication coefficient — i. e. surface 
area per e. cm. — is reckoned out from the calculated surface and 
volume. In Chapter 6, the tenability of these assumptions will 
be tested in more detail on the basis of empirical investigations. 
These data have been given in advance, as the reader needs them 
to be able to follow the account of what is now coming. 



Chapter 3. 


Investigation of different test materials. 

In the foregoing chapters different materials have been discus- 
sed with regard to their suitability in mastication tests. Even 
if gelatin hardened by formalin would seem in theory to be most 
suitable, it is necessary for more definite conclusions to test this 
empirically. 

A small number of people have been made to chew fixed por- 
tions, one after the other, of all the test materials discussed 
above. The test subjects consisted of conscripts, half of which had 
’extremely good’ sets of teeth, and half ’bad’. 2 At the tests, each 
person on one and the same occasion chewed in turn pieces of gela- 
tin hardened by formalin, hard-boiled white of hen’s egg, raw cai*- 
rot, synthetic rubber and indiarubber. There was one series of por- 
tions chewed until they felt ready to be swallowed, and two 
series where the portions were chewed 40 times. The results of 
tests with different materials have been compared with regard 
to the difficulty in reducing the material to small pieces, and 
also with regard to errors of measurement in re-straining the 
test portion. 

Average values for the size of the fractions in the different 
materials are given in Table 1. 

Comparing the mean sizes of the fractions after 40 chews 
from test subjects with good and poor sets of teeth, we find that 
the degree of reduction in good sets is greater than in poor 
ones. The fractions in good sets are, compared with the others, 
greater for the strainers 1 — 4 and smaller for strainers 6 — 10. The 
differences in reduction between good and poor sets of teeth are 
most outstanding in the fractions with the largest and the smallest 
particles. As it is difficult to get a general survey of the average 

2 With regard to the limits of good and bad sets of teeth respectively, 
cf. Chap. 11. 
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TABLE 1. 

Distribution of tests on different fractions (means). For the fractions 1 — 3 
the volume is given in c. cm., for the fractions 4 — 10 in number of 
particles. The number of the fraction indicates the diameter of the holes 

in the strainer in mm. 


c 






| 

t o i 


1 G 



i 

o 


1 


W 

ci 

£ 

Gelati 

10 

Gelati 
15 % 

Gelati 

20 

O 

s 

o 

O 

t 

fcJD 

u 

o 

Synthe 

rubbe 

India 

rubbe 


Extremely good set of teeth: mastication at discretion. 

1 1.0 2.2 2.5 1.8 2.2 3.3 0.18 

2 3.2 4.1 4.5 2.8 2.6 3.7 0.37 

3 4.0 4.4 4.6 3.3 2.9 3.3 0.55 

4 53.2 60.0 59.8 35.6 33.8 32.5 11.1 

5 27.6 26.7 25.2 22.8 19.5 16.5 11. l 

6 11.4 11.3 10.4 10.7 10.0 7.8 10.2 

7 5.0 5.9 4.5 4.9 5.8 4.2 9.2 

8 2.2 2.2 2.2 2.6 3.7 1.9 6.3 

9 0.78 0.7S 0.73 0.54 2.0 0.79 4.4 

10 0.46 0.46 0.78 0.63 2.8 0.94 7.2 

n — 41 n — 41 n = 41 n = 41 n — 41 n = 33 11 = 11 


Bad set of teeth: mastication at discretion. 



Extremely good set of teeth: 40 chews. 











TIIE MASTICATORY EFFECT 


29 


Table. 1 (cent.). 


Fraction 

Gelatin 

10 % 

\o 

« ° s 
o>2 

Gelatin 

20 % 

Carrot 

White of 
egg 

Synthetic 

rubber 

India- 

rubber 



Bad set of teeth: 40 

chews. 



1 

0 . G 2 

0 .CG 

0 . G 8 

0.72 

2.3 

l.i 

— 

2 

1.4 

1.3 

1.4 

1.2 

2.7 

1.4 

— 

3 

2.2 

2.0 

2.0 

1.5 

3.0 

1.7 

— 

. 4 

37 .G 

35.3 

33.5 

17.0 

38.7 

26.1 

— 

5 

26 .G 

24.9 

25.9 

14.9 

22.6 

18.1 

— 

6 

16.8 

15.9 

16.1 

11.5 

12.3 

12.2 

— 

7 

10.0 

10.5 

10.2 

8.9 

6.5 

7.9 


8 

5.4 

6.3 

5.9 

5.6 

3.6 

4.9 

— 

9 

2.8 

2.8 

3.5 

0.2 

1.5 

2.5 

— 

10 

2.0 

3.2 

3.9 

5.3 

0.97 

2.8 

—• 


CO 

II 

CO 

II 

?i = 84 

n — S 4 

»1 =82 

n = 51 



reduction of the different materials from the figure series in the 
tables, there can hardly by any reason for commenting on these 
latter in more detail. The tables over the different material ’s degree 
of reduction are only given as a check, as subsequent calculations 
of volume, surface and mastication coefficient are based on them. 

The average values for surface, volume and mastication coef- 
ficient calculated according to the method used in the investiga- 
tion are given in Table 2. 

The figures in the table show that, on the whole, white of egg 
and synthetic rubber are more easily reduced than any other of 
the tested materials. Carrot and formalin-hardened gelatin of 
varying gelatinous content agree well in reduction both for good 
and bad sets of teeth, and both when chewed at discretion as 
after 40 chews. When comparing the mastication coefficient for 
formalin-hardened gelatin, it is found that the higher the gela- 
tinous content, the easier it seems to be to reduce the test portion 
to small pieces. With 20 per cent gelatin, the portion becomes 
harder but at the same time more brittle, which latter quality 
probably explains a higher mastication coefficient than might 
have been expected. The difference is nevertheless small. It can 
further be seen from the figures in the table that the mastication 
coefficient for indiarubber is considerably lower than for the 
other materials, a circumstance naturally due to the fact that 
indiarubber is very hard to chew. 
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TABLE 2. 

Calculated surface, volume and surface area per c. cm. (mastication coeffi- 
cient) for tests of different materials. The figures have been computed 
from the figures in Table 1. M. C. = mastication coefficient, sq. cm./c. cm. 


Material 

Surface, 
sq. cm. 

Volume, 
c. cm. 

M. C. 

Extremely good set of teeth: Unrestricted 
of chews. 

number 

Gelatin 10 % 

212.99 

9.157 

23.3 

T 15 % 

247.47 

10.082 

24.5 

» 20 % 

258.67 

10.106 

25.6 

Carrot 

188.21 

7.971 

23.6 

White of egg 

200.01 

9.247 

21.6 

Synthetic rubber 

223.27 

7.983 

2S.0 

Indiarubber 

109.55 

9.373 

11.7 

Bad set of teeth: Unrestricted number of chews. 

Gelatin 10 % 

154.65 

10.093 

15.3 

» 15 % 

170.20 

10.515 

16.2 

» 20 % 

187.20 

11.125 

16.8 

Carrot 

141.06 

8.567 

16.5 

White of egg 

169.21 

9.193 

18.4 

Synthetic rubber 

177.86 

9.059 

19.6 

Indiarubber 

81.70 

8.285 

9.9 


Extremely good set of teeth: 40 chews. 


Gelatin 10 % 

» 15 % 

» 20 % 
Carrot 

White of egg 
Synthetic rubber 




Gelatin 10 , 

» 15 * 

» 20 % 
Carrot 

White of egg 
Synthetic rubber 


228.28 

9.343 

241.52 

10.058 

252.75 

10.764 

200.40 

8.242 

242.27 

7.966 

217.23 

7.667 

set of teeth: 

40 chews. 

167.71 

10.193 

168.70 

10.612 

174.11 

11.098 

142.05 

9.422 

209.57 

9.125 

153.52 

8.701 


23.9 

24.0 

28.5 

24.3 

30.4 
28.3 


16.5 
15.9 
15.7 
15.1 
23.0 

17.6 


Finally, a smaller number of persons with good and pool set s 
of teeth have, in ways previously given, chewed the above tested 
materials, and each portion was fractionated twice. The puip . 
of the investigation was to compare the different materials with 
regard to the possibility of obtaining accordant values foi 
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same fraction by re-straining the test portion. The absolute and 
the percentual standard error for the strained fractions 
have been calculated from the differences. Some of the fractions 
have been made into one, as shown by the tables, to give more 
general figures. (See Table 3.) . 

The figures in the table show that both the values for the 
absolute standard error of measurement and also the variation 
coefficients (= standard error in per cent of the fraction’s 
mean) are, for a good set of teeth, higher for carrot and 
white of egg compared with the corresponding values for 
gelatin. A comparison between gelatins of different con- 
centrations reveals less pronounced differences. A comparison 
with corresponding figures for poor sets of teeth shows con- 
siderably lower standard errors. The differences in the standard 
error between different materials also become less, which may 
be due to the fact that reduction is less effective with poor sets 
of teeth. In spite of the amalgamation of some fractions, however, 
it is difficult to get a general survey of the figures. For this 
reason, Table 4 gives standard errors obtained from differences 
between calculated mastication coefficients. 

Thus, mastication coefficients have been calculated for the 
two strainings of one and the same test portion, and in this 
table the coefficients have also been calculated for two con- 
secutive tests with exactly 40 chews. From the differences, the 
standard error for a single determination has been calculated. 
The figures show clearly that 15 per cent gelatin gives throughout 
a smaller standard error than carrot, white of egg and synthetic 
rubber; this applies both to the absolute standard error and to 
the percentual error. An exception is synthetic rubber with a 
good set of teeth, when this material seems to be about as good 
as gelatin ; it has, however, not been possible to get enough of the 
f ox mer for more thorough testing. Although the number of ac- 
complished tests is not great, the figures nonetheless seem to 
indicate fairly definitely that 15 per cent gelatin should offer 
certain advantages. 

Summing up, it may be said that the investigation verifies on 
the whole the assertions made at the theoretical discussion of the 
different materials. White of egg proves to be too easy to chew. 
Hus is, however, also true of synthetic rubber — a rather un- 
expected discovery, since the impression of a harder material is. 
given during mastication. Carrot and gelatin seem about the 
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TABLE 3. 

Standard error of measurement of a single determination, calculated on 
differences between two strainings of the same test with mastication at 
discretion and for both extremely good and bad sets of teeth. The 
standard error of measurement is calculated as standard deviation (— o), 
of a single determination on the one Land, as variation coefficient (— T), 
i. e. in per cent of the pertaining mean, on the other. M — mean of the 
standard errors of the.different fractions, n ~ number of persons. 


Standard error of measurement in straining; 
mastication at discretion 


Material 

n 

| 

Fraction 

M 


1 

isa 

IB 

6—7 

S— 10 


Extremely good set of teeth. 



Gelatin 10 % 

16 

g 

V 

0.302 

3.7 

5.G2 

7.1 

1.25 

8.1 

0.637 

16.1 

1.95 

8.8 

» 15 % 

16 

a 

V 

0.15S 

1.6 

3.06 

5.0 

1.16 

7.1 

0.530 

13.8 

1.45 

6.9 

» 20 °S 

16 

a 

V 

0.350 

3.2 

8.53 

10.5 

1.57 

10.7 

0.707 

17.4 

2.79 

10.5 

Carrot 

16 

0 

V 

o.tos 

4.0 

4.96 

7.5 

2.86 

15.6 

1.22 

25.8 

2.36 

13.2 

White of egg 

16 

a 

r 

0.66-1 

8.7 

4.6S 

7.8 

2.72 

14.2 

1.58 

13.8 

2.41 

11.1 

Synthetic rubber 

16 

a 

V 

0.504 

5.2 

2.25 

4.9 

1.89 

19.1 

0.500 

2S.6 

1.29 

14.5 




Bad set 

of teeth. 




Gelatin 10 % 

16 

G 

r 

0.167 

6.6 

3.19 

5.8 

1.85 

6.8 

1.19 

9.6 

1.60 

7.2 

t 15 ?o 

16 

a 

V 

0.178 

5.6 

5.85 

9.5 

2.14 

7.5 

1.50 

12.4 

2.42 

8.8 

» 20 & 

16 

0 

y 

0.22S 

5.7 

4.03 

5.5 

1.75 

5.7 

0.901 

7.8 

1.73 

6.2 

Carrot 

16 

G 

F 

0.321 

7.7 

5.80 

13.3 

3.GS 

14.7 

1.80 

16.1 

2.90 

13.0 

White of egg 

16 

G 

V 

0.273 

5.4 

3.S1 

9.0 . 

1.70 

9.8 

1.00 

7.9 

1.70 

S.0 

Synthetic rubber 

16 

a 

F 

0.179 

4.2 

2.20 

4.2 

1.80 

9.2 ■ 

0.285 

4.2 

1.12 

5.5 
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TABLE 4. 

Standard error of measurement of a single determination of the mastication 
coefficient, calculated on a series of differences between double strainings 
of the same test, and on double mastication tests (with 40 chews in each), 
carried out on a series of persons with both extremely good and bad 
sets of teeth. The standard error of measurement is given as standard 
deviation (= a) of a single determination, on the one hand, as variation 
coefficient (= T’), i. e. in per cent of the pertaining mean, on the other. 

n = number of persons. 


Material 

Standard error of 
measurement in 
straining (mastica- 
tion at discretion) 

Standard error of 
measurement in 
straining (40 chews) 

n 

0 

V 

n 

G 

7 

Extremely good set of teeth. 



Gelatin 15 % 

16 

0.045 

1.8 

16 

0.2G2 

11.2 

Carrot 

16 

0.097 

3.9 

16 

0.350 

13.6 

White of egg 

16 

0.015 

2.3 

16 

0.3G3 

12.7 

Synth, rubb. 

16 

0.073 

2.4 

13 

0.2G3 

S.2 


Bad 

set of teeth. 




Gelatin 15 °& 

16 

0.032 

2.1 

16 

0.0G2 

4.2 

Carrot 

16 

0.075 

4.5 

16 

0.211 

14.7 

White of egg 

16 

0.054 

3.0 

16 

0.397 

17.9 

Synth, rubb. 

16 

0.044 

2.4 

15 

0.110 

6.5 


same as regards chewing difficulty, but carrot (like white of 
egg) has a rather large error of measurement in straining, which 
is one of the reasons why it is less suitable. It does not matter 
very much which concentration of gelatin is chosen, as they all 
work out much the same when chewed. The author has decided 
on 15 per cent gelatin, as this content seems to be more suitable 
as regards consistency than the two others. 


3 — Dahlberg. 



Chapter 4. 

The preparation of test portions for chewing. 

On the basis of the analysis which has been carried out on 
different materials 15 per cent formalin-hardened gelatin has- 
been chosen as. test material for subsequent investigations. 

The portions were made by casting the prepared gelatin solu- 
tion into rods, which were cut into pieces, hardened by formalin,. 

and washed. 

Gelatin leaf contains between 12 — 17 per cent of water, but. 
this variation in content is probably of no importance. When 
makiiw the gelatin solution, colouring matter and 5 per cent 
barium sulphate were added. It is difficult to distinguish and 
count uncoloured gelatin particles, on account of their trans- 
parency, and this is one of the reasons why barium sulphate is 
added: it makes the portions white and rather like sticks of 
shaving cream to look at. Anyhow, they do not look attractive 
to chew so, to get over this, the solution is stained with fuclism 
this turns «>e finished portions pale pink like a ChmtMas -eet , 
There has also been another reason, though less important, fox 
the addition of barium sulphate. As this salt has a high ^pecrfie 
gravity, the particles get somewhat heavier from the addition, 
mid this mav prove of advantage in straining. 

The "'claim solution was prepared as follows. The ainoiin . o 
water was measured out and coloured with a ^ «uant!tj 
fuelisin after which all the gelatin powder was added at once. 
The mixture was then heated over a water-bath, stirring cm- 

% SS T&-TZZ Ifthe^lafin had 

melted, barium sulphate was added; the latter J^d 

• -nil with a little of the solution to form a thick paste anu 
“irred until smooth. Still being stirred the finished mixture : o 
„datta + barium sulphate was poured into a number of meM 
Sets all the same size. The heavy barium sulphate tends 
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to sink to the bottom, so one wants the solution to set as soon as 
possible ; to this end, the metal containers are stood in water while 
being filled. 

When the solution has set, the next ciuestion is how to get it 
out without damaging it. Now, the metal container consists of 
two cylinders, an outer and an inner one, the latter divided 
longitudinally into two halves. With a simple screwing device, 
the inner cylinder can be pushed up and taken apart. It goes 
without saying, that all the cylinders should be of exactly the 
same size, so that any of the inner ones fits any of the outer 
ones. 




>v— 


r 



Fig. 1. The cutting machine. 


Portions of fixed size are obtained by cutting the gelatin rod 
in two with a simple cutting-machine, consisting of two hinged 
metal blocks. When the blocks are shut together, a cylindrical 
space is formed of the same dimensions as the gelatin rod. The 
apparatus also has a fork with fine metal wires stretched at equal 
distances from one another. The gelatin rod to be cut is placed 
in the groove in the lower block and held there in position by 
the upper block. To cut, the frame of the fork, which rotates on 
a hinged joint, is raised. The metal wires run in trades cut in 
the metal block. (Cf. Pig. 1.) 

To try out the suitable size to be cut, so as to get a piece that 
is not too large to chew and that at the same time provides 
sufficient material for analysis, a number of persons were made 
to chew bits of varying sizes. The experiences obtained here 
were used to determine a certain size, which was afterwards used 
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in all tests with adults. Smaller pieces were used for children 
from 7 — 13 years of age. As mentioned in the review of the 
literature different authors have used test portions of different 
sizes. Of course the results obtained to a certain extent will be 
influenced by these sizes. In this investigation, however, no 
analysis has been made of this influence. The method of testing 
the mastication raises a number of questions, and it has been 
found necessary to limit the scope of the investigation in regard 
to this and some other problems. Except for children the same 
size of the test portions has been used throughout and this dif- 
ference between children and adults has to be remembered in the 


following. 

The cutting-machine is so constructed as to divide up the 
gelatin rod into 6 equal pieces. Each portion for adults is 23 mm. 
in diameter, and 22 mm. long, which corresponds to a volume of 
934 c. mm. (The equivalent piece for children has a volume of 
623 c. mm.) It should be mentioned that this value refers to the 
volume before hardening and washing: during these further 
operations the portion swells to a somewhat larger volume. 

The weight and volume of the finished portions may vary for 
several reasons. The volume increase set up in connection with 
hardening and washing may not always be the same. The cuttei 
does not always give pieces of exactly the same size, which may 
be due to the fact that, if the wires have become less taut, they 
do not cut through the cylindrical gelatin rod absolutely at right 
ano-les. This source of error can be controlled to a certain extent, 
however; a slack wire can be tightened up, and crookedly cut 
pieces discarded. Finally, there is always the possibility that the 
barium sulphate may, on account of its weight, have sunk before 
the gelatin set. This tendency in the former substance is, however, 
comparatively small, on account of the high viscosity of the 
gelatin. A simple method has been used to check how far this 
may be so : slices of equal thickness were cut from both ends of 
a rod after which they were X-rayed beside one another T le 
barium sulphate appeared in the picture as small dots. Some 
differences in density could be observed between the pictuies, 

Vmt onlv verv slight ones. 

In order to discover how far the finished portions all remain 
the same weight as one another, 25 made with 15 per cent gelatin 
and 25 with 15 per cent gelatin + 5 P er cent barium su p ia e 
were weighed in a precision balance. 
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,,,, . lvel „„ e weight ot a hardened and washed portion of 

, “,lv l 10 » ° with a variation coefficient ot l.c per cent. 
gelatin onl} is l«-> »• ' , , chltill with barium sulphate is 

corresponding value 1.01 gemm _ ,m 

u , n- witli the same variation coefficient, 1 . e. 1.2 per cent. 1 
, tira, u c l for children weighed 7,,i g, and had a variation 
coefficient of 0.,, per cent. The variabUity found can be con- 
STS no importance; and the weight can be said to show 

"oocl constancy. . . , 

° A number of variations in weight are due to errors in a\ o g 

in<r. A series of pieces were weighed twice to give an idea ot how 
far this is so. These double weighings gave a variation cocthcient 
of ±0.i8 per cent for gelatin only, and ± 0.28 per cent for gelatin 
with barium sulphate. The low figure shows that only a small 
part of the weight variation is due to errors in weighing, as might 
be expected, since precision scales are used. The main variation 
is plainly due to the fact that the pieces vary somewhat in size. 

I 11 order to get a further orientation, the volume of hardened 
and washed test portions was also determined. In 25 pieces of 
15 per cent gelatin only, the average volume was found to be 
lO.i c. cm. with a variation coefficient of 1.5 per cent. The cor- 
responding values for 15 per cent gelatin with 5 per cent barium 
sulphate was 10. n e. cm. and 3.5 per cent. For children, pieces 
with a volume of 7.i e. cm. and a variation coefficient of l.i per 
cent were used. It was established by double determinations of 
the volume that the error of measurement for pieces with barium 
sulphate is O.s per cent, and for pieces without it, O.y per cent. 
Some part of the greater variation of the former compared with 
that of the latter can probably be ascribed to the uncertainty 
attached to the method for determining volume, but the difference 
cannot wholly be explained by the greater error of measurement. 
The investigation shows, however, that pieces of 15 per cent gelatin 
and those of 15 per cent gelatin -j- 5 per cent barium sulphate 
are both satisfactorily constant as regards volume and weight. 

Before the pieces of gelatin are ready for use in mastication 
tests, they must be hardened in formalin, and tlie formaldehyde 
afterwards removed, so that they are not unpleasant to chew. 
The gelatin becomes harder in consistency and, most important 
of all, insoluble in water. 

The formalin’s content of formaldehyde varies between 36 and 
38 per cent, so that the concentration of the diluted solution used 
for hardening varies between 4. is per cent and I .75 per cent. This 
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Fig. 2. Apparatus for measuring compressibility of gelatin. 

variation constitutes a source of error, which is difficult to avoid 
in practice, so that it is of importance that the hardening proce- 
dure is in other respects as standardized as possible, to exclude 
further sources of error. 

During hardening the test portions were Icept in bottles with 
patent stoppers. The time taken was 24 hours, 50 test portions 
being hardened with 50 c. cm. of formalin, diluted with 350 c. cm. 
• of water. After this it remains to treat the pieces so as to render 
them pleasant to chew ; this is done by washing in running water. 
A rubber tube brings water from the tap into the bottom of the 
vessel where the pieces are. After 12 hours’ rinsing, they have 
a completely indifferent taste. 

As has already been said in the general discussion of gelatin 
as a test material, this substance has the advantage of varying 
as regards gelatin content and hardening. In the first place, 
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then, pieces with different content can be tested, and also pieces 
of different hardness. In the latter case, both the strength of the 
hardening solution and the time for its action can be varied. 

The portions to be chewed are tested with a special apparatus 
which measures their compression under an increasing load. (Cf. 
Fig 2.) The apparatus has a plate which can be raised and 
lowered, and which has a groove in which the piece of gelatin 
lies firm. The gelatin is compressed by weights via a transform- 
ing device provided with a Vernier scale. The latter makes it 
possible to determine the compression at a certain load to 1 / 10 of 
a millimetre. The resistance of the test portion to pressure can 
also he determined by the same apparatus. The set-up is the 
same, with the difference that the plate with which the portion is 
compressed is replaced by a blunt point 4 mm. in diameter. When 
the load reaches a sufficient height, the test portion splits into 
two halves. 


Properties of the test material. 

To get some idea of the properties of the test material, it has 
been investigated with reference to compressibility and resistance 
at different loads. It has been interesting to compare in these 
respects pieces of different gelatin content, some hardened in 
standardized wise, some hardened for longer or shorter periods 
with stronger or weaker solutions. It has also been of interest 
to investigate how far the material remains constant when kept. 

A series of test portions has been tested with the apparatus described 
above, and the results arc given in table 5. The numerical results here 
obtained give the compressibility expressed in millimetres at a load 
expressed in grammes. 

It is now possible in the first place to make a comparison between 
the compressibility of pieces of different gelatin content hardened for 
the same time with the same hardening, and tested immediately after 
washing. It is found that the compressibility in tests with increasing 
loads from 200 — 1500 g. gets less with raised gelatin content. Thus, 
pieces of 10, 15 and 20 per cent gelatin with barium sulphate are, at a 
load of 1500 g., compressed about 3, 1.5 and 1 per cent of their diameter 
respectively. For these tests, the cylinder-shaped pieces are in a horizon- 
tal position. The .variation is comparatively small, which means that 
the pieces are all alike. For 15 per cent gelatin with barium sulphate 
the value for the variation coefficient (= standard deviation expressed 
in per cent of the mean) is 3 — 5 per cent at different loads. 

In a comparison between 10 and 15 per cent gelatin + barium sul- 
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TABLE 5. 

Test pieces examined with regard to compression. M dr r{M)= mean dr 
standard error, n ~ standard deviation. l'= variation coefficient. 



M±KM) a ^ 



R e m arks 


200 

1.734 dr 0.022 

0.15S 

0.1 

500 

3.212 dr 0.030 

0.213 

6.G 

1000 

4.081 dr 0.027 

0.100 

3.8 

1500 

6.164 dr 0.031 

0.220 

3.G 

200 

1.79G dr 0.013 

0.089 

5.0 

500 

3.380 d: O.OtO 

0.137 

4.1 

1000 

5.21S dr 0.021 

0.151 

2.9 

1500 

6.421 ± 0.01S 

0.127 

2.0 


10 °n gelatin -}- 5 ?£ BaS0 4 

IBS 0.1 Test, carried out immediately. IIarde- 
213 (1.0 ning during 24 hours in 50/850 for- 

190 3.8 malin solution. 50 tests. 


Test carried out after 4 days. Harde- 
ning during 24 hours in ;>0/350 for- 
malin solution. 50 tests. 


200 

0.520 dr O.OOG 

0.010 

7.7 

500 

1 -GOO dr 0.010 

0.072 

4.5 

1000 

2.740 dr 0.011 

0.075 

2.7 

1500 

3.726 dr 0.0t3 

0.091 

2.4 


n gelatin 

Test carried out immediately. Harde- 
ning during 24 hours in 50/350 for- 
malin solution. n0 tests. 


In ?o gelatin -f- h ®n BaS0 4 


200 0.50S dr 0.001 ] 
500 1.428 ±0.010 

1000 2.502 dr 0.012 
1500 3.420 ± O.otn 

200 0.G96 dr O.0OT 
500 1.G10±0.010 
1000 2. OSS -Jr 0.011 
1500 3.030 db 0.014 

200 1.200 J- 0.01G 
500 2.301 dr 0.010 
1000 3.788 dr 0.024 
1500 4.932 dr O.OlO 

200 0.580 dr 0.012 
500 1.432 dr 0. 014 

1000 2.432 dr 0.0I!) 
lf>00 3.2G4 dr 0.01G 


500 2.301 dr 0.021 


0.027 

5.3 r 

O.072 

5.1 

O.oss 

3.5 

0.092 

2.7 

0.053 

7.G 

0.070 

4.3 

0.079 

2.9 

O.OOG 

2.7 

0.OS2 

6.8 

0.093 

4.1 

0.120 

3.2 

O.GM 

1.9 

0.058 

io.o 

0.0G9 

4,8 

0.095 

3.9 

0.0S1 

2.5 

0.073 

6.7 

0.10 G 

4.0 

0.19G 

5.1 

0.215 

4.2 


UM. V.ivl I IvJvt. 

ning during 24 hours in o0/3n0 foi- 
malin solution. 50 tests. 


ning during 24 hours in oO/ooO for- 
malin solution. oO tests. 

Test carried out immediately. Harde- 
ning during 12 hours in n0/3a0 for- 
malin solution. 25 tests. 

Test carried out immediately. Harde- 
ning during 48 hours in 50/350 for- 
malin solution. 25 tests. 


esr tau-ncw uni 

ning during 24 hours in Jo/ 3o0 for- 
malin solution. 25 tests. 
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Table 5 (cont.) 


Load, 

O' 

©* 

M ± f.(M) 

a 

7 

B, e m arks 

200 

0.312 ± 0.009 

0.014 

14.1 

Test carried out immediately. Harde- 

500 

0.872 dr 0.012 

0.0G1 

7.0 

ning during 24 hours in 100/350 for- 

1000 

1.G28 dr 0.019 

0.093 

5.8 

malin solution. 25 tests. 

1500 

2.172 ± 0.019 

0.094 

4.3 




20 

% gelatin -f- 5 % BaS0 4 

200 

0.300 dr 0 

0 

0 

Test carried out immediately. Harde- 

500 

0.751 dr 0.011 

0.079 

12.2 

ning during 24 hours in 50/350 for- 

1000 

1.5G0 dr 0.018 

0.125 

8.0 

malin solution. 50 tests. 

1500 

2.10G dr 0.01G 

0.110 

5.2 


200 

0.128 dr O.O0G 

0.015 

10.5 

Test carried out after 4 days. Harde- 

500 

0.921 dr 0.00S 

0.05S 

G.3 

ning during 24 hours in 50/350 for- 

1000 

1.771 dr 0.012 

0.082 

4.G 

malin solution. 50 tests. 

1500 

2.35G dr 0.014 

0.09G 

4.1 



phate we find the differences at different loads fairly small. They are 
nevertheless statistically significant, and increase from an average of 
1.2 to 2.7 mm., constituting about 0.5 to 1 per cent of the diameter of 
the test piece. The differences between 15 and 20 per cent gelatin with 
barium sulphate, though statistically significant, are even less, being on 
an average 0.1 — 0.5 per cent of the diameter. 

To investigate how far the addition of barium sulphate affects the 
test material, pieces of 15 per cent gelatin only have been tested and 
compared with 15 per cent gelatin + barium sulphate. The difference in 
compressibility at rising loads is very small, and when the load is 
1500 g. the difference is only about 0.1 per cent of the piece’s diameter. 

Gelatin of different content was tested after having been kept 4 days, 
and a comparison with the results obtained after testing fresh pieces 
showed extremely small, though statistically significant, differences, in- 
dicating that the compressibility increases with keeping. 

In hardening, a period of 24 hours with 50 parts of formalin and 350 
parts of water has been used as standard method. A comparison shows 
that a hardening time of 12 hours gives softer pieces, and one of 48 
hours harder pieces, than this. Differences at a load of 1500 g. between 
a hardening of 12 and of 24 hours are 10 times greater than the difference 
between one of 24 and of 48 hours. In the latter case, the difference 
is only O.ino ± O .021 mm. 

Finally, 15 per cent gelatin with barium sulphate is tested after harden- 
ing, with 25 and 100 parts of formalin to 350 parts of water. Comparing 
the values with those obtained for standard-hardened gelatin of the same 
content, it is found that, at a load of 1500 g., the mild hardening gives 
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Test pieces, examined with regard to resistance by loniliiifr. M : r(M}~ 
mean 4- stand aril error. o“ standard deviation. l' = variation coefficient. 


Num- 

ber 

of 

tests 

bursting 

point, kg. 

'rime of test 

after 

washing 

Harde- 

ning, 

hours 

Conceti- 
t ration 
of 

formalin 

.1/ -J-, M 

n 

■ 



10 ?r. g 

('hit in 

5 iV ItaHO, 



25 

0.1*32 -J- 0.O23 

0.1 II 

12.3 

Immediali-lv 

21 

50 550 

25 

l.oi<> j- <).<>:«: 

0.1 so 

17.3 

After -1 days 

: 





15 gelatin 



25 

1.1 to -J- 0 01K 

(l.oat 

H.o 

Immediately 

21 

50/5 50 



15 gelatin — 

:> HaS( > ( 



25 

1 .100 -1- 0.<O2 

0.102 

i:t.r» 

linmedhitely 

12 

50 55(1 

25 

1 .2.72 !- O.oir, 

O.nsu 

(i.O 


21 

> 

25 

1.270 1 (1.020 

o.t:vi 

10.2 

•> 

-IS 


25 

1.1.72 1 O.OI3 

0.0*2* 

•1.5 

After -1 davs 

21 

> 

'2b 

1.1 Hi 1-0.023 

0.10 

12.1 

Immediatelv 

> 

25/550 

25 

1.770 -1- 0.1 <20 

o.i::o 

7.3 

> 


100,550 



20 U' g 

elatin -• 

5 I’.aSO, 



25 

I. SOI -J- O.OU 

O.0.'i7 

:t.i 

Ituniediatelv 

21 

50 550 

25 

1.S2-S ;!: O.niO 

(1.07!* 

•1.3 

After -1 days 


> 


softer pieces with a difference of l.;as ± O.nir. nun., and the stronger one 
gives harder pieces with a difference of 1 . 21 * ± tl.ej* mm. It is further 
found that mildly hardened 15 per cent gelatin agrees fairly well with 
Id per cent gelatin hardened according to the standard method and also 
that strongly hardened 15 per cent gelatin shows about the same values 
as 2u per cent standard-hardened gelatin. 

The test material has up to now been discussed with reference to 
compressibility. Table <* gives the values for the load which causes the 
test piece to split into two halves. 

A comparison between 10. 15 and 20 per cent gelatin with barium 
sulphate, hardened for an equally long time with equally strong solution 
(standard hardening) and tested immediately after washing, shows 
that the resistance increases with the gelatin content. Tims, twice the 
load, on an average l.sr.t kg., is required to split a piece of 20 per cent 
gelatin content compared with one. of 10 per cent. The resistance of 
15 per cent gelatin is nearer that of 10 per cent gelatin: this is shown 
by the fact that the difference between 10 and 15 per cent gelatin is 
0.320 ± 0.02s kg., and between 15 — 20 per cent gelatin it is 0.M2 ± O.os: kg. 












Chapter 5. 


Division of the lest portion into fractions l>y straining. 

In the first experiments of the author to sort out the particles 
of the chewed portion into fractions, an apparatus was used that 
had a spray placed above the strainers. A device driven by an 
electrical motor moved the strainers horizontally backwards and 
forwards. But the apparatus was fragile, and troublesome to 
manage. The sluicing of the strainers proved uneven, as a num- 
ber of particles blocked the holes, in spite of the shaking and 
thus impeded the flow of water. 

The a ppnnil ns. 

The experiences gained from this apparatus were used in con- 
structing 1 another one. sturdier and more easier to manage, where 
the particles did not block the holes in the same way. This 
apparatus consists of 10 strainers, which can he pushed in from 
the side into a metal cylinder, through openings exactly adapted 
for this purpose, and can then he fixed in this position. Beside 
the metal cylinder there is a two-branched water-pipe and an 
inlet pipe from either branch is joined to each of the strainer 
pockets, to which water is thus brought direct. The branched 
pipe continues in two, 1.:, m. long main-pipes of glass, and in 
its lower part it has a water-distributing tap. Finally, the 
strainers have a side outlet in the form of a pipe the same 
height as the metal cylinder. In this way the rate of flow in all 
pipes to the strainers will be equal. (Of. Figure 3.) 

As the water is introduced from the side in each strainer, the 
whole system is washed through by a column in spiral rotation. 
The particles are sucked downwards towards the next strainer, 
and a number pass through, while others are stopped by the 
strainer, to he caught up in the flow of water again and make 
another attempt to get through. By repeating this sufficiently 
often, practically all the particles that can pass through, do so. 
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It is possible, with the above-mentioned distributing-tap, to 
change the direction of the flow in the strainers, so that the 
column of water rotates now clockwise, now anti-eloekwise. The 
tap can be set both in active position, when the water passes 
through either of the branches, and in neutral position, when 
the flow is stopped. In the latter position, the column of water 
sinks; the vortices are thereby increased and the particles are 
drawn downwards through the holes of the strainer. After a 
fixed number of seconds, the tap -is turned back into the active 
position, the water spurts forth in the other shank of the pipe 
and the course of events is repeated, but with the column of 
water now rotating in the opposite direction. 

The method of straining must be standardized as far as pos- 
sible, in order to give comparable results. A stop-watch is used 
to ensure that a certain total time for straining is used, and 
also to check the time for the reversing of the jet of water. The 
water pressure must also be kept constant.' 

Under the circumstances which have been’ tested, the pressure 
of the water-system has proved to be fan;ly constant. When the 
tap in the supply pipe has been set to give the desired pressure, 
it does not as a rule need any further alteration, but this does not 
do away with the necessity of a certain control. Such control is 
easily carried out with the help of the water columns in the glass 
pipes. 

These pipes are also a' gauge of the precision with which the 
straining apparatus has been made, since the height of the water 
column in the parallel pipes will only be the same provided that 
the branched pipe and the inlet pipes on both the right and the 
left side have exactly the same dimensions. Thus, it needs no 
more than that a particle should be squeezed into one of the 
twenty inlets and there impede the passage of the water, for a 
distinct difference to arise in the level of the columns of water 
in the two branches. 

To be used for mass investigations, the straining apparatus 
must, of course, be fairly easy to manage. The strainers are 
mounted in such a way as to be easy of access, and can quickly 
be taken out. of the metal cylinder, emptied, and replaced. When 
removing and replacing the strainer's, the tap is in the neutral 
position, so that the water pressure does not have to be regulated 
between each straining. It should be emphasized that the not 
inconsiderable lasting qualities of the apparatus have been 



THE MASTICATORY EFFECT 


47 


attained by its having only one movable part, namely the 
distributing tap. 

In the apparatus, the diameter of the smallest hole is 1 mm., 
and increases by 1 mm. for each strainer in an arithmetical series 
up to 10 mm. for the largest holes. Yet another strainer, with 
holes 1 j 2 mm. in diameter, has been used in a small number of 
strainings. It was introduced at, the very bottom of the apparatus 
to control how much got through the 1 mm. strainer. The frac- 
tion collected on the J / 2 mm. strainer was found to be extremely 
small. 75 test portions were strained. Several of these yielded 
an amount impossible to measure in the 3 / u mm. strainer. On an 
average O.cwgs + O.oim c. cm. collected on the strainer, i. e. a volume 
of not quite O.i c. mm. of very small particles. 

In the determination of the size of the different fractions, the 
number of particles are counted in those from the less fine and 
the coarse strainers with holes 4 — 10 mm. in diameter. The 
determination of the three finest fractions, where the holes have 
a diameter of 1 — 3 mm. is made by measuring the volume after 
sedimentation in graduated glass tubes, since counting was found 
to take too much time. To get the volume, the contents of the 
strainer is emptied into a funnel filled with water, the particles 
rapidly sinking to the bottom of a graduated tube fixed under 
the funnel. Before reading off the volume, the particles should 
be shaken down until the volume remains constant. The device 
used, which is both simple and effective, consists of a spring' 
which rests against an excenter-disc, driven by a motor. If the 
graduated tube is pressed against the plate in such a way as to, 
be affected from the side by the latter’s vibrations, it can be 
seen how the particles are shaken down and the volume quickly 
sinks to a constant value. 


Pressure, rate of reversing and time. 

In using the straining apparatus, it is possible, as has been 
said in Chapter 2, for certain factors to vary during straining, 
namely pressure, rate of reversing and the time taken. The- 
question has been to find the combination of these three at which 
the apparatus gives the best results. A number of persons have 
chewed pieces of constant size and composition, after which 
double determinations were carried out in series of 30 tests, the 
same portion being strained twice. Table 7 shows that pressure, 
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TABLE 7. 

Standard error of measurement for the mastication coefficient computed 
from differences between 2 strainings of a number of tests during different 
conditions, n — number of tests (each with 2 determinations). o» = stan- 
dard error of measurement for a single straining. V — standard error in 
per cent of the corresponding mean. 


Pressure 

Time 

Revision 

n 

oi 

V 

1. Highest 

longest 

slowest 

30 

0.017 

0.9 

5. » 

long 

slow 

30 

0.023 

1.1 

3. High 

longest 

7> 

30 

0.032 

1.9 

6. » 

T> 

slowest 

30 

0.044 

1.9 

4. Highest 

long 

7> 

30 

0.037 

2.0 

8. High 

short 

slow 

30 

0.030 

2.0 

2. » 

long 

slowest 

49 

0.035 

2.1 

10. Low 

» 

8 low 

30 

0.033 

2.1 

13. » 

short 

short 

30 

0.047 

2.1 

11. High 

» 


30 

0.062 

2.6 

12. > 

long 

immediate 

29 

0.060 

2.6 

7. T> 

y> 

slow 

30 

0.045 

2.8 

15. * 

3 ) 

short 

30 

0.083 

3.6 

14. Low 

» 

7> 

29 

0.078 

3.7 

9. Highest 

longest 

slow 

30 

0.065 

3.9 

16. Low 

long 

immediate 

26 

0.086 

4.2 

17. » 

short 

slow 

30 

0.101 

4.9 


time for straining and reversing were tested in 17 combinations. 
The error in measurement for a single determination of the 
mastication coefficient has been calculated for each combination. 

The different combinations are arranged in the table in a 
progressive series according to the percentual size of the standaid 

error. 

We shall first discuss the pressure. The figures show that low 
pressure is inferior to both high pressure and the greatest pres- 
sure, even though it may, in combination with a long period ot 
time, give a standard error of only 2.i per cent. In a comparison 
between high pressure and the greatest pressure, the latter is 
found to give a somewhat lower standard error in long or maxi 
mal periods of time. On the whole, then, the highest pressure is 

to be preferred. . . 

Higher values for the error in measurement are found m im- 
mediate and short reversing than in slow and slowest reversing. 
Under otherwise similar conditions, the latter must be the bes . 
It now remains to test the time taken in straining. A short 
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time of 3 minutes gives a liiglier standard error than long or the 
longest time. If we compare these latter times, i. e. a straining 
time of 6 and 12 minutes, we find better values for 12 minutes. 

As the table shows, the highest standard error is given by low 
pressure, short time, and slow or immediate reversing, it then 
amounting to between 4 and 5 per cent. As regards the standard 
error, it would naturally be wisest to chose the combination of 
highest pressure, slowest reversing and maximal time, which 
gives a standard error of only 0.9 per cent. However,, from a 
practical point of view, another combination is preferable, namely 
high pressure, long time and slowest reversing. The highest pres- 
sure means that the water is to a relatively large extent squeezed 
out through leaks in the apparatus. The longest time makes the 
determination take nearly twice as long as it otherwise would. 
For these reasons, the author has chosen the second combination 
mentioned above. The standard error for this combination 
amounts to 2.i ± 0.21 per cent, and is probably at a level to ensure 
satisfactory reliability of the method. To get a somewhat more 
exact idea of the standard error of the method, a larger number 
of determinations have been made for this combination than for 
others, namely 49. It should, incidentally, be pointed out that 
the differences between different combinations are to a certain 
extent conditioned by chance, due to the number of determina- 
tions not being very large. 

The difference due to the error of measurement is of no very 
great importance when we consider that, in determining the 
mastication coefficient for an individual, we have to reckon with 
a not inconsiderable variation on account of the subject in ques- 
tion not always chewing in the same way, which causes differences 
between two tests. We have therefore considered ourselves just- 
ified in choosing a method which has advantages from the point 
of view of saving work, although its standard error is somewhat 
larger than the one characterizing a lengthy and more trouble- 
some straining method. 

As standard method, then we have chosen high pressure 
(100 cm.), longest reversing (12 seconds) and long straining 
time (48 seconds). The straining goes on in this way for 6 minu- 
tes. This method has a standard error of measurement in strai- 
ning of about 2 per cent. 


4 — Dnhlberg. 



Chapter 6. 


Testing of the test portion’s calculated surface 
and volume. 

/' 

Xu the theoretical discussion in Chapter 2 as to the way of 
calculating the surface and volume for the fractioned test por- 
tion, formulas were given on the assumption that the particles 
in the fractions correspond on an average to cubes and octa- 
hedrons respectively. 

The calculations demand obtaining for the finer fractions — 
when the volume of these is known — the value of the number 
of particles in 1 e. cm. of sedimented volume. The particles in 
20 c. cm. volume, measured out for each one of the finer frac- 
tions, were counted. The mean number of particles to 1 c. cm. 
in fractions where the strainer-holes were 1 mm. in diameter, 
was 545, in fractions with 2 mm. diameter 138. and in fractions 
with 3 mm. diameter 49. 

From the above-mentioned formulas, it is possible to work out 
coefficients with which the volume of the different fractions can 
easily be calculated. The volume of the test portion is obtained 
by multiplying for fractions 1 — 3 their volume, and for fractions 
4 — 10 the number of particles, by the respective coefficients. 
The values for the calculated coefficients are given in Table 8. 

Coefficients for calculating the total surface of the test portion, 
drawn up on the same assumptions as in the calculation of its 
volume, are also given in Table S. 

Now, when the assumptions made render it possible to calculate 
the extent of the test portion’s volume and surface, a simple 
expression for the degree of reduction can also be got by com- 
puting surface per volume unit. The value then obtained is 
called" here the mastication coefficient for the reduction of the 
portion. The calculated volume and surface do not necessarily 
correspond to the actual ones, but then the calculated values 
should differ in the same direction from the actual ones. If, by 
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TABLE 8. 

Coefficients for calculation of volume and surface. It is assumed that the 
particles in fractions 10-4 correspond to cubes and the particles in frac 

tions 3—1 to octahedrons. 


Number of fraction 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


Coefficients for calculation of volume 
303.91 1 362.87 | 348.75 | 32.22 | 58.83 j 97.11 j 149.18 1 217.10 | 303.17 j 409.34 

Coefficients for calculation of surface 
2139.33 1 1506.75 1 1035.33 1 60.75 j 90.75 ) 126.75 ] 168.75 | 216.75 | 2 10.75 1 330.75 


assuming that the particles have the form of octahedrons, too 
loiv a value is obtained for the volume, the values for the surface 
ought also to be too low, and in the same way, if a calculation 
assuming the form of cubes gives too high a value for the volume, 
the value for the surface should also be somewhat too high. In 
calculating the mastication coefficient therefore, it is more cor- 
rect to relate the calculated surface to the calculated volume than 
to relate it to the known volume. This procedure has consequently 
been followed throughout. 

Table .9 gives the average values for calculated surface and 
volume for grown-up men and women whose sets of teeth arc 
extremely good, good, bad, and extremely bad. 3 The test subjects 
chewed standardized portions until they felt ready to swallow. 

The calculations show that if we assume the particles to cor- 
respond on an average to cubes with a side diagonal half-way 
between the diameter of strainer-holes letting the particles through 
and that of those that do not, the value obtained for the cal- 
culated volume is too high compared with lhat of the actual 
volume; the values agree rather better, however, when the frac- 
tions are large on the coarse strainers and small on the finer 
ones, as is the case with extremely poor sets of teeth. In the 
opposite ease — with good sets of teetli — with large fractions 
on the finer strainers, larger values are. obtained for the cal- 
culated volume compared with the actual one. The deviations 
can be 35— 40 per cent. It therefore seems as if the assumption 

3 A closer definition of what is implied here by extremely good, good 
etc. sets of teeth will he given further on in this paper. 
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TABLE 9. 

Mastication coefficient calcutated from figures for surface and -volume 
determined on the basis of means of the fractions for men with extremely 
good sets of teeth (63 persons), good sets of teeth (60 persons), bad sets 
of teeth (51 persons) and extremely bad sets of teeth (55 persons), and 
on the basis of means of the fractions for women with extremely good 
sets of teeth (61 persons), good sets of teeth (76 persons), bad sets of teeth 
(50 persons) and . extremely bad sets of teeth (50 persons). M. C. = ma- 
stication coefficient, sq. em./c. cm. 


Cube 1—10 



Assumed shape of particles at calculation 


Octahedron 
1—3, cube 4—10 


, Sur ' Vo- 

fat:e ’ lume, M. C. 

st ^‘ c. cm. 
cm. 


Octahedron 

1-10 



il l e n 

Group I, extremely good 363.92 14.665 24.8 252.44 10.553 23.9 210.09 6.913 30.4 
,11, good 276.85 14.08G 19.7 2 1 4.49 11.647 1 8.4 159.82 6.640 24.1 

» II bad 229.44 13.185 17.4 188.30 11.556 1 6.3 1 32.45 6.215 21.3 

» IV, extremely bad 2 18.44 12.945 1 6.9 180.25 11.457 1 5.7 126.11 6.102 20.i 


Women 

Group I, extremely good 347 .10 13.934 24.9 241.G7 10.094 23.9 200.42 6.5G9 30.5 

J n crood 284.87 13.329 21.4 211.21 10.552 20 .0 164.45 6.283 26.2 

. tit’ had 244.75 12.879 1 9.0 1 91.3Gl0.82G 17.7 141.30 6.071 23.3 

» IV* extremely had 228.30 12.5GG 18.2 183.41 10.832 16.9 131.30 5.924 22.2 

that the particles are, on an average, cuhe-sliaped, only applies 
to the not so fine and the coarse fractions with fairly laige 

particles. . 

If, on the other hand, calculations are earned out on the 

assumption that the particles correspond on the whole to octa- 
hedrons, where, if the base diagonal is the same size as the cube s 
side diagonal, the volume of the former will be less than that 
of the latter, the values obtained for the test portion s calculated 
volume are throughout smaller than the actual volume. The 
deviations are 30-40 per cent. They seem to be somehwat less 
when the fractions on the fine strainers are large 1 . e. with good 
sets of teeth, compared with bad sets, when the fractions m the 
fine strainers are small. On closer inspection of the shape of the 
particles in a test portion, they seem, further, to be prepondei- 
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J 


Fig. 4. Samples in nearly natural size of the different fractions and 

a test portion. 


atingly pointedly oval in form in the finer fractions, and more 
rounded in the Jess fine and coarse ones. (Cf. Figure 4.) Actually, 
the calculated and actual volumes are found to tally very veil if 
the calculations are made with octahedrons for the fractions for 
strainers 1 — 3, and with cubes for those 4 — 10. With a view to get- 
ting an idea of the deviations between the real values and the com- 
puted figures the differences between these have been calculated 
for 229 men and 237 women. It lias been found that for women 
there is no appreciable mean deviation. The mean of the dif- 
ferences is 0.8G±0.or, per cent. For men the corresponding figure 
is G.e±0.7f, per cent. The computed volume is somewhat greater 
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than the real. Of special interest is the fact that the standard 
deviation for men is ll.c per cent and for women 10 per cent. 
This signifies that sometimes quite large deviations between the 
computed and the real values may arise. 

Table 9 also gives the values for the mastication coefficient 
calculated from the average surface per volume unit. It may 
be of interest to compare the values obtained in calculations 
made . on different assumptions. The highest values for the 
mastication coefficient are found in calculations assuming that 
the particles correspond throughout to octahedrons, and the 
lowest values in those where cubes and octahedrons have been 
combined. The table shows, further, that the coefficient gets 
less as the sets of teeth get worse. For a closer comparison of 
the coefficients for varying sets of teeth, however, readers are 
referred to the latter part of this work. 

Control hy weighing. 

It is now possible to get a further control for the calculations 
of the test portion’s volume. The fractions are weighed, and 
from the weights is calculated — when the specific gravity is 
known — the volume for each fraction. Still using the same 
test portion, a calculation, based on the number of particles and 
the measured sedimented volume, is made of the volume of the 
different fractions. 

An investigation of this kind has been carried out on 10 test 
portions. Table 10 gives, for purposes of comparison, figures 
which have been calculated both from the weight of the portion 
and also from the number of particles and the sedimented volume. 

The figures in the table show us that there is good accordance 
between volume calculated from the weight of the test portion, 
and volume calculated on the assumption that the particles in 
fractions 1 — 3 correspond to octahedrons, those in fractions 4 — 10 
to cubes. The average difference is 0.3o±0.io e. cm. or 3. 0 4 + l.oi 
per cent. A corresponding comparison on the assumption that 
the particles in all the fractions are in the form of cubes shows 
throughout higher values, with an average difference of 2. -in ± 0. 20 
c. cm. or 24.0 + 2.0 per cent, and on the assumption that they 
have the form of octahedrons, the values are lower throughout, 
with an average difference of 4 .m + O.ir, c. cm. or 41.5 + 1.5 per 
cent. 
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TABLE 10. 

Volume calculated from weight- and number of particles of 
fractions of 10 tests. 


Test 

Weight, 

g- 

Volume 
calculated 
from weight, 
c. cm. 

Volume calculated from number 
of particles 

— 

Cube 1 -10 

Octahedron 

1-3, 

cube 4 — 10 

Octahedron 

1—10 

I 

11.37 

10.57 

12.91 

10.73 - 

6.09 

II 

10.83 

1007 

12.80 

10.40 

6.03 

III 

0.51 

8.84 

12.02 

9.13 

5.G7 

IV 

10.73 

9.08 

12 01 

9.90 

O.GG 

V 

12.17 

11.32 

13.67 

12.00 

6.45 

VI 

10.30 

9.58 

11.76 

10.21 

0.54 

VII 

10 07 

9.36 

1 1 .50 

9.90 

0.42 

VIII 

10.31 

9.59 

10.68 

9.24 

O.04 

IX 

10.73 

9.93 

13.24 

10.53 

6.24 

X 

11.11 

10.33 

12.98 

10.61 

6.12 


By -weighing the particle mass and calculating the volume 
for the last three fractions, we can get an idea of how much of 
the measured volume consists of water. A calculation has been 
carried out on 10 test portions; the average amount of Avatcr 
in 1 c. cm. for fractions remaining in the strainer with holes of 
1 mm. in diameter is found to he 50.g per cent, for fractions 
with strainer-holes 2 mm. in diameter 50.7 per cent and for 
fractions with strainer-holes 3 mm. in diameter 50.3 per cent. 
A calculation of the amount of water made from the measured, 
sedimented volume on the assumption that the particles are in 
the form of cubes, gives 35 per cent, 23 per cent and 26 per cent 
respectively. The same calculation assuming the particles to 
correspond to octahedrons gives 69 per cent, 64 per cent and 65 
per cent respectively. It is probably true that the volume values, 
calculated from the weight of the fractions arc somewhat higher 
than the true values, since there is no doubt a certain amount 
of water in the weight obtained. (The particles were dried with 
the help of filter paper, and this drying is sure not to be com- 
pletely effective.) For this reason the percentage values cal- 
culated from the weight are very likely too low. The real values 
for the average content of water should therefore lie quite near 
those obtained from the sedimented volumes on the assumption 
that the particles correspond, on the whole, to octahedrons. 
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Oolor imetrical control. 

We have now shown that the volume of the test portion to be 
chewed can. be determined direct by weighing, and that the 
values obtained agree with the values calculated from the 
number of particles and the measured, sedimented volume after 
fractionation. We have further shown that the calculated volume 
agrees with the actual one of the test portion. The portion’s 
surface is now calculated from the same fractions as its volume 
was, and we should therefore be able to expect the calculated 
surface to agree fairly well with the actual one. Nevertheless, 
it would be a good thing if the surface could also be determined 
direct, without previous fractionation, in order to check the cal- 
culated values in the same way. It should be possible to gauge 
the total surface of the portion by treating it with a suitable 
chemical, which can be absorbed, and which has the further 
property of being removable again and able to undergo a quantit- 
ative analysis. At the suggestion of Professor Torsten Teorell, 
the author has tried out a method which consists in staining the 
test portion with a water-soluble, colloidal dye and, after washing 
out of the latter, the photometric determination of the intensity 
of colour in the solvent. 

In the first experiments, a water-soluble dye, Nachtblau, was tes- • 
ted. The colour of the fluid was read off on a Pulfrich (Zeiss) pho- 
tometer of usual construction. After trying out the dye concentra- 
tion most suited for reading off on the photometric scale used, a 
concentration of 1 promill e was chosen as standard colouring-fluid. 
A number of thin slices of formalin-hardened gelatin with known 
surface-volume (10.92 sq. cm.) were coloured with equal quantities 
of the fluid. The experiments showed that the values read off 
gave a higher colour intensity in the fluid after the colouring 
process than before it. Further, the photometer gave a laigei 
reading after colouring a bigger gelatin surface than after colour- 
ing a small one. A microscopic investigation of the colourmg- 
fluid after use revealed that a precipitation of colouring giains 
takes place during use, and this explains the above-mentioned 
rise of the values read off from the apparatus. Formalm-harden- 
ed gelatin has an acid reaction, and as this might possibly pio- 
duce the precipitation, the experiment was made of adding uea v 
acid to the colouring-fluid. Microscopic investigation showed 
precipitation. Weak alkali was now added to the fluid insteac 
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TABLE 11. 

> 

Photometer figures, corresponding to different number of gelatin 
disks with a surface of 10.92 sq. cm. 


Number 

of 

disks 

Surface, 
sq. mm. 

Photometer 

figures 

6 

6552 

330 

12 

13104 

470 

18 

19656 

530 

24 

26208 

570 


polation, to calculate the surface corresponding to a certain 
reading on the photometer. 

Aided by the figures obtained in this way, 16 further test 
portions were investigated; in the first place in that surface and 
volume were calculated on the basis of the values obtained when 
the respective portions were strained, in the second place in that 
the portions were coloured and the surface determined with a 
photometer. The values obtained are shown in Table 12. 

It is found that the separate values admittedly show devia- 
tions, but that, on the whole, they agree pretty well. 


TABLE 12. 


Surface and mastication coefficients (M. G.), calculated on the basis of 
straining and on the basis of colour determination of 16 tests. 


Test 


Calculated 
volume, 
c. cm. 


Calculated 
surface, 
sq. cm. 


M. C. 


Colourdeter- 
mined sur- 
face, sq. cm. 


M. C. 


I 

II 

III 

IV 
V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 
XV 

"\ r 'K7T 


9.477 

7.011 

9.021 

8,551 

9.727 

8.407 

9.115 

7.933 

9.21.9 

8.883 

10.216 

8.2G1 

9.829 

9.046 

10.289 


140.13 

220.04 

134.49 

231.48 

121.08 

247.55 

124.94 

229.2! 

118.98 

244.07 
134.16 
216.53 
122.9G 
244.47 

107.07 
56.13 


14.8 

27.8 

14.9 

27.1 

12.4 

29.4 

13.7 

28.9 

12.9 

27.5 

13.1 

26.2 

12.5 
27.0 
10.4 

27.7 


160.52 

212.94 

150.70 

262.08 

147.42 

262.08 

119.34 

172.54 

117.00 

180.18 

118.40 

180.18 

124.02 

193.28 

124.49 

191.10 


15.1 

20.1 

14.2 
24.7 
13.9 

24.7 

11.3 

16.3 
11.0 
17.0 
11.2 

17.0 

11.7 
18.2 
11.7 

18.0 
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Geometricall.y calculated volume : 

Geometrically calculated surface: 

Geometrically calculated 
mastication coefficient : 

Real volume: 

Colour-determined surface : 

Colour-determined 
mastication coefficient : 


M — 9.07 ± O.is c. cm., 

(7 = 0.73 ±0.13 c. cm. 

If = 180.9 ± 14.g sq. cm., 
a — 58.5±10.3 c. cm. 

il/ = 20.7 ± 2.o sq. cm./c. cm., 
a = 8.o ± l.i sq. cm./c. cm. 

IO.g e. cm. 

il I — 169.s ± 11.8 sq. cm., 
a — 47.i ± 8.3 c. cm. 

M = 16.o ± l.i sq. cm./c. cm., 
a = 4.i ± 0.78 sq. cm./c. cm. 


The difference between the geometrically determined surface 
and the colour-determined surface is ll.i±l8.s, therefore lying 
within the limits of the standard error. The difference for the 
mastication coefficients is 4.7 ±2.3, so they agree satisfactorily. 
Nor are there any statistically significant differences as regards 
the variability. Now, the number of determinations is not great, 
and perhaps, in a larger material, it might be possible to show 
systematic deviations between the two methods of determining 
surface and mastication coefficient. All that is of interest to 
establish in this connection is, that any such deviation should be 
moderate in size, and that results are reached in the colour- 
determination of the surface that may be used to verify the 
values obtained by a geometrical calculation. 



Chapter 7. 


Summary: The standard method and its errors. 

The standard method chosen as a result of the investigations 
made can be briefly characterized as follows. 

For material, pieces of 15 per cent gelatin and 5 per cent 
barium sulphate have been used. The pieces were hardened for 
24 hours in a solution consisting of 350 g. of water and 50 g. 
of 36 — 38 per cent formalin solution. The pieces had a volume 
of IO.g e. cm. and a weight of 11.4 g. The material fulfils certain 
demands as regards compressibility and resistance. By this 
means it can be checked whether the material has the character 
required in the standard tests. 

In the test, the subject is asked to chew the piece either until 
he considers it ready to swallow, or else for a certain number 
of times. When carrying out the test, different procedures have 
been used as regards this; they will be discussed later. The test 
subject then spits out the piece into a glass, and it is divided 
up into fractions by means of water -straining in a special appara- 
tus. For this are used a pressure of 100 cm. of water, a reversing 
of the flow with an interval of 12 seconds and a straining time of 
48 seconds during 6 minutes. After this, the particles in the 7 
coarser fractions are counted, and the volume of those in the 3 
finest fractions, where the strainer holes were 3, 2 and 1 mm. 
in diameter, is determined in graduated glass tubes by sedimenta- 
tion in water. In estimating the degree of reduction, special 
formulas have been used to calculate the portion’s total volume, 
its total surface, and, finally, the mastication coefficient giving 
sui'face per volume unit. Already in the preliminary experi- 
ments, distinct differences could be established between the 
results when the subjects had gone on chewing as long as they 
wished and when they had only chewed 40 times, as also dif- 
ferences in chewing by people with good and bad sets of teeth 
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respectively. The more effective the chewing, the greater the 
portion’s surface per volume unit. These problems will be 
discussed in Part II. 

The standard error of the method has been calculated with 
the help of double determinations (ef. Table 7). It lias been 
found that the error of measurement attached to a single deter- 
mination of a mastication coefficient, and which is conditioned 
by errors in the actual straining, is about 2.i per cent (ef. Table 
7). The standard error obtained for a determination of a 
mastication coefficient when a given person chews repeatedly, is 
much greater, due to the fact that a subject does not chew in 
exactly the same way when he performs a test more than once. 
This error seems to be greater for men, 10.:t per cent, than for 
women. S.g per cent. (Cf. Tables 4.0 and 60.) It is, of course, 
not possible to escape this variability by improving the methods. 
If the mastication coefficient is determined for someone with 
a single test, there are, all the same, not inconsiderable factors 
of uncertainty to reckon with, and if a more reliable orientation 
of a person’s mastication is wanted, he must be subjected to a 
series of tests. 

Considering that the error in the determination of the mastica- 
tion coefficient by straining is comparatively small, this method 
is, as a matter of fact, fairly exact. Further, it does not take 
much time, so that it is well suited for mass investigations. It 
also seems reasonable to assume that the method could be used 
tor practical tests of judging the masticatory powers in separate 
patients; though in individual cases like that, a series of tests 
should be made, in order to reach reliable mean values. If, for 
instance, JO tests are made on an individual, the standard error 
of the mean of the tests should be about 3 per cent. 



Part II. 

Investigation of mastication with complete and 
with more or less defective sets of teeth in 
men and women of different ages. 

Chapter 8. 

Introduction. 

In the previous section we have stressed the desirability of 
getting an idea of the mastication effect and its relation to the 
number of the teeth. The method worked out and described here 
is sufficiently exact and, at the same time, does not take so long 
as to render it impossible to investigate a material large enough 
to provide a survey of how effectively persons chew in an average 
population. 

When selecting material for investigation, certain viewpoints 
ought to be taken into consideration. We must reckon with the 
possibility of there being differences in the mastication effect 
both between men and women with similar sets of teeth, and 
also for different ages. From these points of view, it is advisable 
to investigate the same number of men as women, as far as this 
is possible, and also to keep material concerning children, adults 
and old people all separate from one another in the experiments. 
Then, a most important consideration, people with more or less 
complete sets of teeth may be expected to chew with different 
effeetivity. The investigation material should therefore be grou- 
ped with regard to the quality of the sets of teeth. It is of 
special interest, finally, to investigate how people with complete 
dentures chew, and, in so doing, also compare the masticatory 
powers here with those in people with their own teeth. 

Using as basis the investigation material comprising the diffe- 
rent groups indicated here, it should be possible to reach a fairly 
well differentiated picture of some of the physiological features 
involved, and get something to go on for an estimation of the 
masticatory powers under different conditions, specially in a de- 
fective set of teeth and an artifical denture ; all this may well yield 
information which is also of some value for practical dentistry. 



Chapter 9. 

Material. 

The material for investigation has been mainly collected in 
schools, regiments, factories and almshouses. Guided by the view- 
points given above, the subjects were divided into the following 

groups. 

I. Children. The group consisted of schoolchildren, half with 
their milk teeth and half with permanent, sets. There were 50 
boys and 50 girls of 7 years of age, and 50 girls and 50 boys 
of 13 years of age. 

II. Adults with their own teeth. The investigated persons were 
conscripts and older mobilized classes, and women of correspon- 
ding ages — i. e. 20 — 45 years. 62 persons over 35, but not 
over 45, were included in this group, but only such whose sets 
of teeth were not considered to show age changes. There were 
229 men and 237 women. 

III. Older persons with their own teeth. The investigated persons 
were from 50 — 75 years of age. There were 101 men and 50 
women. The men were examined at a workhouse in Stockholm; 
neither in factories nor almshouses was it possible to find more 
than a very small number of women with their own teeth who 
were suitable for investigation. The material consisted mainly of 
persons who volunteered for investigation in my clinic. 

IY. Adult and older persons with full dentures. The investi- 
gated persons were about 40— SO years of age, and consisted of 
50 men and 50 women. 

When judging whether a set of teeth is ’good’ or ’bad’ from 
a functional point of view, it is necessary in some way to evaluate 
the teeth that are antagonists and that can function completely. 
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A number of authors have discussed evaluation questions of this 
kind. 

One of the first who attempted to submit figures for the mastication 
value of the teeth was Feiler (1916). He reckoned a functioning molar 
as one unit, and a bicuspid as half a unit. He ascribed no mastication 
value to incisors and canines. Different scales of values have later been 
drawn up by a number of authors. Michaeus (1920) reviews the literature 
in this field without, however, advancing any suggestion of his own. 
Hentze (1917) uses, for example, the following scale: incisors and canines 
are each one mastication unit; the first bicuspid is 2 units; the second 
bicuspid 3 units; the first and second molars each 6 units. The third 
molar is not thought to have any value. Rohrer (1919) uses the following 
scaler incisors and canines each 0.25 mastication units; bicuspids and 
the first and second molars each one unit; the third molar 0.5 of a unit. 

These scales are only given here as examples. They are a 
priori estimates and are not based on empirical investigations. 
Nor do they take into consideration that teeth do not consistently 
correspond to one another: a grinder in the lower jaw has for 
instance occlusion with parts of several teeth in the upper jaw. 

In this paper the author has first of all registered the number 
of teeth. This number does not, of course, give any definite 
conception of the effectivity of the set: this can be estimated 
with more certainty by the number of occlusion contacts bet- 
ween the two rows. It is all the same impossible to determine 
the contacts exactly noth out first making models of jaws and 
teeth and mounting these in an articulator. In a mass investiga- 
tion, it is necessary to classify the sets of teeth quickly, and at 
the same time with reasonable certainty. In doing this, the 
author used an a priori enumeration of points, according to 
which the surfaces of the teeth are imagined as divided into 
sections. In an inspection of the rows of teeth in eentxal oc- 
clusion, we can tell which sections in the upper and lower jaws 
correspond to one another. A contact between two sections is 
given 1 point. Figure 5 shows how the calculation of points 
for an ideal set of teeth is carried out. 

It is seen from the schematic figure that molars, with the 
exception of the wisdom teeth in the upper jaw, are divided into 
three sections; further, that pre-molars and canines are divided 
into two sections. The other teeth are not divided. 

A classification of the set of teeth from a functional point 
of view can now be made by counting the number of points for 
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pig. r>. Points of contact for the grinders in a normal set of teeth. 


w- r H 1 


Fig. 6. A defective set of teetli with regard to calculation of points of 
contact. Compare Fig. 5 and the text. 

grinders, canines and incisors. The canines assume an inter- 
mediate position inasmuch as the distal section of these teeth 
is reckoned as a grinder and the mesial section as an incisor. 
The value of the points should give a fairly good picture of 
the variation, set up not only by losses in teeth but also by 
anomalies in occlusion and position, in the number of contacts. 
A complete set of teeth has 32 contacts, 26 to the grinders and 
6 to the incisors. 

It has also been of interest to determine with a point scale 
the extent to which the sets of teeth investigated were defec- 
tive as regards missing teeth and loss of substance in those that 
were left — in other words, to classify the sets from an anatomi- 
cal point of view, independent of how far contacts may be pre- 
sent for such teeth as remained. Intact teeth — i. e. teeth with 
no loss of substance — were given 1 point. Defective teeth had 
0.7.-,, 0.5o and O .25 points, according to the extent of the substance 
lost. 0 signified root stumps and missing teeth. 

Figure 6 shows how the calculation of points in a defective 
set of teeth has been made. The defective set of teeth in the figure 
5 — Dahlberg. 
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shows 14.50 points for molars and pre-molars (grinding teeth), 
and 12 points for canines and incisors (cutting teeth). The 
total for the whole set is 26.50 points. 

With the help of a calculation of points of contact the sets 
can be classified as extremely good, good, bad and extremely 
bad. As the investigation is intended to work out the effect 
of mastication, the sets have been grouped with regard to the 
number of contacts for the grinders. The limits used have been 
chosen to lie between 26 — 16 points for extremely good sets, 
15—11 for good sets, 10—8 for bad sets and 7—0 for extremely 
bad sets. 

It has already been said that the calculation used is entirely 
arbitrary. A more rational procedure is to determine the area 
of the occlusion surface. To this end, each test subject with his 
own teeth was made to bite into a wax plate, 2 mm. thick, care being 
taken to see that this was done in central occlusion. The wax 
impression is transferred onto a film, and its surface determined 
with a planimeter. The value obtained gives the surface in 
sq. mm. Completely misleading results can be obtained in isola- 
ted cases, on account of incorrect biting when the test was 
made. To get comparable values, the persons investigated were 
instructed to bite on the wax with the teeth in central occlusion. 
If this is done with the lower jaw in protrusive or in lateral 
occlusion, the surface of the wax impression will be smaller. If, 
on the other hand, the lower jaw then slips into central occlusion, 
the impression surface will be larger than it is after a direct 
bite in central occlusion. 

The wax impression had a thin, transparent, inner zone with 
sharp borders, and an outer one which was thicker and had 
rather indistinct borders. When copying the impression, the outer- 
most contours were followed, in order to get a maximal value 

for its surface. i 

Double tests have been made to get an idea of the method s 
sources of error, and its standard error has been calculated 
from the differences. The error of measurement is due partly 
to the biting in two separate tests not being exactly alike, paitly, 
too, to the fact that the transference of the wax impression to 
a film, and the measuring of one and the same specimen, do not 
give exactly the same values in two copyings and measurings. 
The total error, which consequently consists of errors in biting 
and in technique, has been determined on 25 persons and amounts 
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TABLE 13. 


Distribution of the material with regard to age and sex, 


Age, 

years 

Men 

Women 

Old 

men 

Old 

"Women 

Full prosthesis 

Total 

Both 

sexes 

Men 

Women 

Men 

Women. 




50 

50 





50 

50 

100 

7 

13 

50 

50 





50 

50 

100 

16- 

20 

25 

30- 

35- 

40- 

-19 

-24 

-29 

-34 

-39 

-44 

13 

146 

25 

26 

9 

8 

20 

65 

58 

48 

33 

12 



1 

1 

2 

13 

146 

25 

26 

10 

9 • 

20 

65 

58 

50 

33 

12 

33 

211 

83 

76 

43 

21 

45- 

50- 

-49 

—54 

1 

1 

1 

1 

15 

5 

19 

3 

7 

1 

2 

5 

23 


12 

44 

55 

-59 



19 

13 

10 

2 

29 

15 

44 

60- 

-64 



35 

6 

11 

4 

46 

10 

56 

65- 

-69 



20 

3 

12 

6 

32 

9 

41 

70 

-74 



10 

2 

4 

9 

14 

11 

25 

75- 

-83 



1 

2 

1 

24 

2 

26 

28 

Total 

329 

337 

101 

50 

50 

50 

480 

437 

917 


to 2.7 per cent in a single determination. For a further idea of 
the technical error, 25 wax impressions have been copied twice 
and their surfaces determined twice, the standard errors being 
calculated from the differences. The error which attaches to 
one diagram and measuring amounts to 1.7 per cent. It is thus 
found that the total standard error of 2.? per cent is composed 
of a »biting» error of 1.7 per cent and a »technical» error of 
1.7 per cent. It may be said that the actual measuring can be 
carried out fairly exactly. The most important source of the 
technical error lies in the copying, which was to be expected. 
Of course it is to be expected that systematic errors also play 
a part. Howewer, it is not necessary to discuss them in this 
connection, as all the determinations have been made in the 
same way by one and the same person. 

In the following pages, it has been investigated how far the cal- 
culation of points according to the author’s scale has given 
values that run parallel with those obtained in the determina- 
tion of surface. The determination of surface has, furthermore, 
been used throughout the treatment for an analysis of the masti- 
catory effectivity, as this latter has been considered more reli- 
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able under all circumstances. As tbe investigation shows, howe- 
ver, a satisfactory measurement of the occlusal surface can he 
got from the point scale, too, so that this can he used if time 
does not allow the more laborious determination of the occlusion 
surface. 

Table 13 collocates the investigation material grouped with 
regard to age and sex. The table shows the total material to 
comprise 917 pei’sons. The intention has been to get about 50 
individuals in each group exemplifying different sets of teeth, 
and this was possible to do for adult men and women. As 
far as children were concerned, the author has been content 
until about 50 for each class of age, if boys and girls are put 
together. It has, however, not been possible to get so large a 
material for the group with extremely bad sets of teeth. "When 
it comes to older men and older women, the author has had to 
put up with a smaller material, as also in question of persons 
with full dentures. The difficulties of getting further material 
have been great, and the extent of that in hand has been consi- 
dered sufficient, with the background of the larger adult groups, 
to allow of a comparison. As regards individuals with full den- 
tures, no more will be said here than that they have been classi- 
fied in three groups: those with extremely good, good and 
bad sets of teeth respectively, and that this grouping has sub- 
jective judgments at the back of it. We shall be discussing 
these questions in more detail later in this paper. 



Chapter 10. 

The taking of specimens. 

Each investigated person was made to chew five test portions 
one after the other. Between each portion, he was made to 
rinse out his mouth three times, and the water with which this 
was done was kept. In eases with full dentures, these were also 
taken out and sluiced with water, which was afterwards saved. 
The number of chews each time were counted. This was not as a 
rule a difficult process, except in isolated cases when the test 
subject chewed with small and rapid movements of the jaws. 
The chewing movements were counted in 130 tests by two people 
simultaneously. The differences in the standard errors showed 
a difference of — 1.26 + 0.44, bordering on statistical significance. 
The difference is so small as to have no importance, and would 
seem to show that such counts can be made with satisfactory 
exactitude. 

The first test portion was chewed just as the test subject 
liked: he was not influenced in any way. The idea of this was 
to provide some practice for subsequent tests. The portion was 
all the same saved and analysed, as it was, of course, of interest 
to determine the results and number of the chews. 

The second and third portions were chewed on the express 
instructions to chew until the mass felt ready to be swallowed 
in the same way as if it were food. It should be mentioned that 
there is a difference in the chewing here, compared with that of 
food: in the latter case, one swallows while chewing, so that 
the whole of the mouthful does not go down at once. To get a 
control, a third mastication test was made, consisting of a repe- 
tition of the second; this time, too, the subject was told to chew 
until he felt ready to swallow. 

Over and above this free mastication, where the test subjects 
themselves determined the number of times they chewed, two 
tests were made where the test portion was cheived 20 and 40 
times. By fixing the number of chews, it becomes possible to com- 
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pare the results without risking differences conditioned hy va- 
riations in this respect. 

Inspecting the teeth of the patient, entering the details and 
taking of the specimen require a total time of 20 — 30 minutes. The 
analysis of five specimens takes, on an average, an hour. Generally, 
a larger number of specimens was taken at one time, so that it 
was sometimes a day or so before they were analysed. For this 
reason it was considered advisable to conserve them by adding 
a few drops of formalin to each. 
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TABLE 14. 


Theoretical ( T ) and observed ( N ) number of teeth in 229 grown-up men. 


Type of teeth 

Number of teeth 

T 

N 

A T in % of 2' 

Total number of teeth 

7328 

5815.25 

79 4 

Cutting teeth 

2748 

2698.00 

98.2 

Grinding teeth, of which 

4580 

31 17.25 

68.1 

Wisdom teeth 

91 (i 

396.50 

43.3 

Other grinding teeth 

3064 

2720.75 

74.3 


between calculated, maximal and actual number. Incisors and 
canines were missing only in l.s per cent of the calculated num- 
ber, grinders — with the exception of wisdom teeth were 
present in three-quarters, i. e. missing in 25.7 per cent, and the 
wisdom teeth were missing or had not come through in more 

than half, i. e. 56.7 per cent. , 

It is not always easy to decide if a tooth is a wisdom tooti 
or not The author had not the opportunity of taking x-ray 
pictures in dubious cases. Consequently, the figures given here 
and in the folloving must be taken with some reservation. 

If the set of teeth is evaluated in respect of mastication effec- 
tivity according to number of teeth, we run the risk of passing 
erroneous judgments. The loss of an occluding grinder deprives 
tL antagonist tooth wholly or partially of its function. As has 
been said before when the teeth are m an antagonist positio , 
th loi of Tne ls equal to the loss of two. In order to get a 
more detailed registration of the set of teeth the ’"™ ber 

contacts between ^iatiSfte.pprexi- 

tacts is given m J a “ e . 15 { d tUat the number of actual con- 
As was expected, it is loun , Th difference 

tacts is far lower than the * 83, percent, 

is less for incisors, for which the actual number ^ . 

than for grinders (with i the exc pt q£ the calculated contacts 

for these, only half, or 51 . 1 pet ■ . t „ite a quarter, 

are found. The wisdom teeth seem to show m not qi 

or 23.2 per cent. 


the masticatory effect 
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TABLE 35. 

Theoretical (T) and observed (A) number of contacts of teeth in 229 


grown-up men. 



dumber of contacts of teeth 

Type of teeth 

T 

* 

A in of T 


7328 

3808 

52.0 


1374 

1149 

83.G 

Grinding teeth, of which 

5954 

1374 

2659 

319 

44.7 

23.2 

Other grinding teeth 

4580 

2340 

51.1 


Following the distribution of grinding teeth contacts in the 
material, it has been made into four groups with their limits at 
median and quartiles. A calculation shows that the lower quan- 
tile lies at 7.7 points, the median at ll.o points, and the upper 
quartile at 15.9 points. According to this calculation, group I 
(extremely good sets of teeth) falls within the limits 26 — 16 
points inclusive, group II (good sets of teeth) within the limits 
15—11 points, group III (bad sets of teeth) within the limits 
10 — 8 points, and group IY (extremely bad sets of teeth) within 
7 — 0 points inclusive. 

The limits are motivated by the actual distribution of the 
number of occlusion contacts among the individuals investiga- 
ted. Theoretically, it would, of course, be possible to give other 
class limits; however, it has been considered necessary to let 
practical statistical viewpoints decide the grouping. The limits 
given make possible a statistical analysis of the material of a 
more satisfactory kind. In another material it may prove sui- 
table to set other limits and to use more or fewer groups. The 
limits given now have, however, been used throughout the whole 
investigation, since comparison with the conditions in adult men 
is thereby rendered possible. 

With regard to the grouping of the conscript material accor- 
ding to the number of occlusion contacts in the classes given 
above,, it may be of interest to see how the average number of 
teeth is distributed within the different groups. (Cf. Table 16.) 

The table shows that the average number of grinders gets 
fewer as the occlusion gets worse, while the number of incisors 
remains fairly constant. The difference in the average number 
of incisors in group I (extremely good sets of teeth) and group 
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TABLE 16. 

Number of teeth in grown-up men, divided into groups with sets of 
teetli in varying condition. Regarding class limits, see Table 17. n — 
number of persons. M ± i{M) — mean ± standard error, a = standard 

deviation. 


Set of teetli 

n 

M±e{M) 

G 

Grinding teetli 



Group I: extremely good 

63 

17.33 ± 0.18 

1.14 

> II : good 

60 

15.13 ± 0.19 

1.48 

» 111: bad 

51 

12.11 ±0.24 

1.71 

> IV: extremely bad 

00 

8.82 ± 0.38 

2.81 

Cutting 

teeth 



Group I: extremely good 

63 

11.921 ±0.039 

0.311 

i II: good 

60 

11.838 ±0.055 

0.423 

» III: bad 

51 

1 1 .G7G ± 0.073 

0.524 

» IV: extremely bad 

00 

U.G59± 0.123 

0.911 


IV (extremely bad sets of teeth) is not statistically significant 
(difference o!ao±0.«). It ought to be expected that if the grin- 
ders are extensively defective, then the incisors, too, would be 
in less good condition. A calculation of the difference m stan- 
dard deviation between incisors in extremely good and m extre- 
mely bad sets of teeth also shows that the difference is statist!- 
call,' significant (0.»±0.«,,). When the grinders are poor the 
incisors display an increased variability, indicating ia ie. , 
too arc not so good in a number of eases, although the average 
intmber of incisors shows no significant difference between the 

S 'TaUe 17 gives an idea of how far the average number of 
occlusion contacts agrees with the thearcMcrd *" 
in the different groups. The figures m the tab show • the 

average number of occlusion contacts foi gioup ( - • 

good sets of teeth) is somewhat lower than the them-ec rca car . 
The average number in the middle groups « and III („ood 

bad sets of teeth) agree well, on the other ban , = 

number for group IV (extremely bad sets of teeth) is rathe. 

higher than the theoretical centre me dian and 

The above grouping into fora, vntli different 

nin<?q ranees comprising cuneiem. 
quartiles, gives groups with class 
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TABLE 17. 

Number of contacts of teeth in grown-up men, divided into groups with 
sets of teeth in varying condition. The class limits are: for group X, 
26_16 mastication contacts, for group II, 15—11 mastication contacts, 
for group III, 10—8 mastication contacts, for group IV, 7—0 mastication 
contacts. Theoretical class midpoint = T. n= number of persons, 
jlf e(M) = mean dr standard error, a — standard deviation. 


Set of teeth 

n 

T 

M ± e{M) 

0 

Grinding teeth 



Group I : extremely good 

63 

21 

18.54 ± 0.32 

2.51 

» II : good 

60 

13 

12.57 dr 0.17 

1.32 

j> III: bad 

51 

9 

9.12 dr 0.12 

0.86 

» IV : extremely bad 

55 

3.5 

4.95 ± 0.25 

1.82 

Cutting teeth 



Group I: extremely good 

63 

— 

5.35 dr 0.16 

1.29 

» II: good 

60 

— 

4.93 dr 0.21 

1.60 

» III: bad 

51 

— 

4.90 dr 0.22 

1.55 

» IV : extremely bad 

55 

— 

4.84 dr 0.25 

1.85 


numbers of occlusion contacts. Thus, 11 points correspond to 
group I, 5 points to group II, 3 points to group III and 7 points 
to group IV. A smaller number of points in the middle groups 
compared with the extreme groups should mean a greater variabi- 
lity in these latter. It is therefore not necessarily the case that, 
in reality, there is a sufficient number of sets of teeth with 
point totals tending towards the highest class limit in group I, 
and the lowest in group IV, to give a noticeable increase in the 
variability. 

The figures in the table show, as a matter of fact, that the 
values for standard deviation and variation coefficient display 
shifts in these directions. The difference in the variability bet- 
ween the extreme groups is not statistically significant. On the 
other hand, that between the standard deviations for group I 
and group III is significant (difference I.G 5 + O. 21 ), as is also 
the one between group I and group II (difference l.i9±0.25). 
We shall be discussing this problem again when investigating 
the mastication coefficient for these groups. 

When evaluating the set of teeth with regard to the masti- 
catory effectivity, the author has, for reasons previously given, 
proceeded on the belief that the number of occlusion contacts 
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gives a safer foundation for tlie estimation than the number of 
teeth. It has been seen that we get lower figures for the num- 
ber of occlusal contacts compared with the number of grinding 
teeth. By comparing the figures in Table 16 with corresponding 
figures in Table 17, it is possible to get an idea of the relation 
borne by the average number of grinders in the different groups 
I — IY to the average number of contacts. The tables give figures 
for the number of grinders per occlusion unit; in extremely 
good sets of teeth, there are O. 93 , in good sets of teeth I. 20 , in 
bad sets of teeth 1.36 and in extremely bad sets of teeth I. 78 . 
In a normal set of teeth, where none are missing, O.so of a 
tooth goes to each contact. The figure series shows that, as has 
already been pointed out, several teeth in a defective set have 
no functional significance. The calculated contact coefficient 
makes more exact comparisons possible, and the coefficient sug- 
gested here is to some extent suitable as a gauge of different 
sets of teeth. 

The set of teeth can also be evaluated with regard to masti- 
catory effectivity by measuring the impression of the two rows 
on a wax plate. In describing the method in Chapter 8, it was 
mentioned that misleading results might be obtained in isolated 
cases, both from incorrect biting on the wax and from the trans- 
ference of the impression to a film and the measuring of the 
figures obtained in this way. 

Obviously faulty specimens, due to biting wrong, have been 
discarded and taken afresh. As has been said before, a cal- 
culation has been made of the method’s standard error in a 
single determination. This error is small (i. e. 2.7 %). 

The estimation of the set of teeth according to the calculated 
number of occlusion contacts goes considerably quicker than the 
measurement of the occlusion surface area, and if this method 
proves sufficiently exact, it should perhaps be preferred, in cer- 
tain cases, to the later one. Nevertheless, in the present investi- 
gation both methods have been used throughout. 

Under all circumstances, however, information is needed as 
to how far the estimation of contacts and determination of sur- 
face agree. A calculation of the correlation between the number 
of occlusal contacts and the values of the occlusion surface area 
have been carried out on 226 conscripts and older mobilized 
classes. A correlation coefficient of r = 0.86 ± O .02 was obtained. 
As regards the schematized estimation of a set of teeth aecor- 
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TABLE 18. 

Occlusion surface in sq. rain, of grinding teeth in grown-up men, divided 
into groups with sets of teeth in varying condition. Regarding class 
limits, see Table 17. n — number of persons. M dr e(M)= mean dr standard 
error. a = standard deviation. 


Set of teeth 

n 

il/ A; f(il f) 

o 

Group I: extremely good 

63 

435.G dr 1 1 .2 

80.0 

i> II : good 

60 

326.8 dr 8.4 

64.9 

> III: bad 

51 

250.0 dr S.l 

58.1 

3 IV: extremely bad 

53 1 

155.3 dr 8.9 

64.7 

Total 

227 

200.7 dr 8.3 

125.7 


cling to the number of contacts, in a small number of classes, it 
is surprising to find so good an agreement with the varying 
values obtained from the surface determinations. The high corre- 
lation shows that it is possible satisfactorily to classify the sets 
of teeth according to the number of occlusion contacts in the 
way described in Chapter 9. 

Table 18 gives a survey of the average value of the occlusion 
surface area within the four groups, the grouping being done 
according to the number of occlusion contacts. The mean values 
in the table display good parallelism, in that equally large diffe- 
rences of about 100 sq. mm. are obtained between the groups. 
The figures show that the surface values exhibit a somewhat 
larger variability in per cent than the one found in evaluating 
the number of occlusion contacts for grinding teeth. This is 
probably due to the fact that the area of the occlusion surface 
varies in teeth with the same numeral. To facilitate the estima- 
tion of the number of contacts, the surfaces of the grinding- 
teeth, as mentioned above, have been divided up into sections, 
two sections which meet on occlusion being given the value of 
a contact. It could not be taken into consideration here that 
the sections are, in some cases, on teeth with a comparatively 
large occlusal surface, and in other eases on teeth with a compara- 
tively small one. It is therefore clear than we can expect a 
fairly large variability in the measured surfaces within the 
groups, since the grouping was done according to the number 
of contacts. Deviations of this sort counterbalance one another 


1 Information is lacking regarding 2 cases of 55. 
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TABLE 19. 

Theoretical (T) and observed (A) number of teeth in 237 
grown-up women. 


Type of teeth 

Number of teeth 

T 

N 

JV in % 
of T 

Total number of teeth 

7584 

58S7.r.o 

77.C 

Cutting teeth 

2844 

2S04.00 

98.6 

Grinding teeth, of which 

4740 

3083.50 

65.1 

Wisdom teeth 

948 

206.75 

28.1 

Other grinding teeth 

3792 

2816.75 

74.3 


in sueli a way that the means run fairly parallel in both series 
of figures. 

A comparison of the variability for the different groups 
yields differences of the same kind as in the investigation of 
the variation in the number of contacts. The difference between 
group I and group III is statistically significant (difference 
30.9 ±9.s). 


Set of teeth in adult females. 

Of the investigated adults, somewhat more than half, or 237 
persons, consisted of female factory-hands in Stockholm from 
16 — 45 years of age. All investigated persons have been inclu- 
ded, and the material is probably fairly representative of the 
population group in question. A survey of the number of teeth 
in adult females is given in Table 19. 

The figures in the table show an extremely small difference 
between the calculated maximal number of incisors and their 
actual number. They are missing only in l.i per cent of the 
calculated number. Grinders, with the exception of wisdom teeth, 
are present to three fourths, or 74.3 per cent, and wisdom teeth 
to one fourth, or 28.i per cent of the calculated maximal num- 
ber. As is seen on comparison with the figures in Table 14, 
there is surprisingly good agreement in the number of their 
teeth between men and women of corresponding ages. The only 
difference is found in the number of wisdom teeth, ■which in 
women are only present in 2S.i per cent, to 43.3 per cent in men. 

A registering of the sets of teeth according to the number 
of grinder occlusion contacts gives values which also agree re- 
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TABLE 20. 

Theoretical (T) and observed (A 7 ) number of contacts of teeth in 

237 grown-up women. 


Type of teeth 

Number of contacts of teeth 

T 

N 

N in 
of T 

Total number of teeth 

7584 

3929 

51.8 

Cutting teeth 

1422 

1150 

80.9 

• Grinding teeth, of which 

6162 

2779 

45.1 

Wisdom teeth 

1422 

260 

18.8 

Other grinding teeth 

4740 

2519 

53.1 


markably well with the corresponding values in men. A survey 
of the number of contacts for incisors and grinders is given in 
Table 20. 

In adult women, as in adult men, we find far lower figures 
for the actual number of grinder contacts compared with the 
calculated one. Incisors, on the other hand, are found in 80.9 
per cent of the calculated number. The number of grinder con- 
tacts (with the exception of the wisdom teeth) amounts to half, 
or 53.i per cent, and the number of contacts for wisdom teeth 
to not quite a fifth, or 18.3 per cent, of the maximal calculated 


TABLE 21. 

Number of teeth in grown-up women, divided into groups with sets of 
teeth in varying condition. Regarding class limits, see Table 17. n = number 
of persons. M ± r(A/) = mean ± standard error, 
a = standard deviation. 


Set of teeth 

n 

M ± e( M) 

a 

Grinding teeth 


Group I: extremely good 

61 

16.15 0.1G 

1.21 

5 TI : good 

76 

14.ll ±0.1G 

1.41 

^ III: bad 

50 

12.15 ±0.24 

1.71 

» IV: extremely bad 

50 

8.87 ±0.28 

2.00 

Cutting teeth 



Group I: extremely good 

61 

12.00 

0 

» II: good 

76 

11.934 ± 0.033 

0.28G 

* III: bad 

50 

11.835 ± 0.058 

0.411 

» IV: extremely bad 

50 

11.4G5 ± 0.138 

0.977 
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TABLE 22. 

Number of contacts of teeth in grown-up women, divided into groups 
with sets of teeth in varying condition. Regarding class limits, see Table 
17. Theoretical class midpoint =T. n — number of persons. M ± f(M) 
= mean ± standard error, a = standard deviation. 


Set of teeth 

n 

■ 

M ± f{M) 

0 


Cutting teeth 



Group 

I: extremely good 

61 

21 

17.87 ± 0.22 

' 1.73 

» 

II: good 

76 

IB 

12.87 ± 0.15 

1 .35 


III: bad 

f)0 

0 

0.1G ± 0.12 

0.83 

T> 

IV: extremely had 

50 

3.5 

O.0G ± 0.23 

1.G2 


Grinding teeth 



Group 

I: extremely good 

61 

— 

4.82 ± 0.21 

1.G0 

T> 

II: good 

76 

— 

4.91 ± 0.19 

1.G3 


III: bad 

50 

— 

4.78 ± 0.2S 

1.95 


IV: extremely bad 

50 

•— 

4.7G ± 0.23 

l.GG 


number. A comparison with the figures in Table 15 shows that 
the difference in the number of contacts between men and women 
is very small. The agreement is, in other words, surprisingly good. 

In order to work out the distribution of the material in more 
detail, median and quartiles have been calculated for grinder 
contacts. The calculation gives about the same values as for 
men, namely the lower quartile at 8.5 points, the median at 11.7 
points, and the upper quartile at 15.7 points. 

Table 21 gives a survey of the average number of teeth in 
the different groups of extremely good to extremely bad sets of 
teeth (groups I — IV). The division has been made according 
to the number of occlusion contacts within the limits which were 
given for adult men. 

The figures show that the number of persons in the diffe- 
rent groups agrees on the whole with the number we find among 
adult men. The comparison between adult men and women 
shows good agreement as regards the mean number of teeth, the 
standard deviation, and the variation coefficient (cf. Table 17). 

Figures for the average number of occlusion contacts in 
groups I — IV are given in Table 22. 

The figures in the table show that, with regard to grinding 
teeth, the average number of contacts gets smaller as the occlu- 
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sion gets worse, while the average number of contacts for inci- 
sors keeps fairly constant. The averages agree well with the 
values obtained for men (cf. Table 17). For adult women, too, 
the same differences in the values for the standard deviation are 
found as for adult men. The difference between group I 'and 
group 111 is statistically significant. (Difference 0 .«k)±0.ik). 
Other differences are not statistically significant. 

It is possible to calculate the average number of grinders per 
occlusion unit from the values in Tables 21 and 22. For group 
I (extremely good sets of teeth) there are O.on grinders per occlu- 
sion unit, for group II (good sets of teeth) l.oa, for group III 
(bad sets of teeth) l.;r>. and for group IV (extremely bad sets 
of teeth) 1 The figures agree well with the corresponding 
contact coefficients for adult men. 

In the comparisons which have now been made between adult 
men and women of the same age, we thus find good accordance 
as regards both the number of teeth and the number of occlusion 
contacts. Taking into account the size of the materials compared, 
the possibility that a still larger material might reveal certain 
differences, in spite of the accordances, cannot be excluded. As, 
however, the accordance can be termed very good, and as the 
materials are not unduly small, there is hardly cause to expect 
very great differences. It has further been ascertained that the 
classification of the sets of teeth which was worked out from the 
state of affairs in 229 adult men. can be used for women of 
corresponding ages, in that medians and quart iles roughly coin- 
cide. so that the number of persons in the groups will be about 
the same. 

It now remains to compare the average occlusion surface for 
adult women with the means obtained when investigating men 
ol corresponding ages. A survey of such mean values in groups 
delimited according to the number of occlusion contacts, is found 
in Table 28. 

As expected, we find throughout lower means for women than 
lor men (cf. Table 18). The difference between the means is 
2().:)± J4.i sq.mm, for group 1 (extremely good sets of teeth), 
4.7 ±12.i sq.mm, for group II (good sets of teeth), 7..->±ll.i 
sq.mm, for group III (bad sets of teeth), and ll.:s±12.2 sq.mm, 
for group IV (extremely bad sets of teeth). The differences 
are small and not statistically significant; in so far as there are 
any, they no doubt indicate that the teeth of an adult woman 

G - — - Dalilbers. 
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TABLE 23. 

Occlusion surface of the grinding teeth in sq. mm. in grown-up women, 
divided into groups with sots of teeth in varying condition. Regarding 
class limits, see Table 17. n = number of persons. At ± r(M) = mean ± 
standard error. a = standard deviation. 


Set of teetli 

n 

M ± r(ilf) 

■ 

Group 

I: extremelv good 

61 

409.3 ± 8.C 

67.0 


II: good 

76 

322.1 ± 9.1 

79.4 

3 

III: bad 

50 

242.5 ± 7.0 

53.5 

T> 

IV: extremely bad 

■14 1 

144.0 ±8.4 

56.0 


Total 

231 

295.1 ± 7.3 

111.5 


are smaller than those of an adult man. That the difference is 
greater for group I may possibly be due to the fact that the 
number of occlusion contacts for wisdom teeth is lower in women 
than in men. This fact is very marked in the values in group T 
(extremely good sets of teeth), while in the remaining groups, on 
the other hand, wisdom teeth are probably missing to a large 
extent in both sexes. (It should be remembered that we find 
wisdom teeth in men in 43.3 per cent of the calculated maximal 
number, and in women in 28. i per cent.) 

If we compare the four groups in the female material with 
one another, we find equal differences of about 80 sq. mm. bet- 
ween the means. In a comparison of the variability between 
men and women, we find somewhat lower values in the latter, 
but not statistically significant differences. 

Set of teeth in old men. 

With increasing age the number of teeth deteriorates on account 
of losses, defects and the like. The degree of deterioration is con- 
nected not only with age but also with dental treatment received, 
and therefore with social standards, too. The older men in the 
material investigated were taken from Stockholm workhouses. 
The amount, of dental care they had received was very slight, 
so that the results of the investigation give a picture of condi- 
tions in sets of teeth which on the whole have not been the sub- 
jects of therapeutic measures. 

1 Regarding 6 cases of 50, information is lacking. 
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TABLE 24. 

Theoretical (T) and observed (A 7 ) number of teeth in 25S older men. 


Type of teeth 

Number of teeth 

T 

N 

N in % 
of T 

Total number of teeth 

S25G 

3748.50 

45.4 

Cutting teeth 

3096 

2012.50 

65.0 

Grinding teeth, of which 

5160 

1736.50 

33.0 

Wisdom teeth 

1032 

214.00 

20.7 

Other grinding teeth 

412S 

1521.00 

36.8 


Table 24 gives a survey of the number of teeth in 258 men 
from 45 — SO years of age. Of these. 15 were under 50, and 
24 over 70. 

As expected, figures are found which indicate a relatively 
poor number of teeth. Of the calculated maximal number, in- 
cisors and canines are present to about two thirds, grinders with 
the exception of wisdom teeth to about one third, and wisdom 
teeth to less than one fourth. A comparison between the num- 
ber of teeth in adult and older men (cf. Table 14) shows that 
incisors are lacking in the latter in 35 per cent of the calcula- 
ted number, and in the former in l„s per cent. Grinding teeth 
are lacking in older men in 63.2 per cent and in younger men 
in 25.7 per cent. Wisdom teeth are missing in older men in 79.3 
per cent, of the calculated maximal number, compared with 56.7 
per cent- in adult men. It is noteworthy that the difference is 
so large for grinders, but considerably less for wisdoms. It has 
been assumed that wisdom teeth decay very soon after eruption, 
on account of inferior calcification. The comparison of the num- 
ber of wisdom teeth in younger and older men suggests that, 
to a large extent (in half of the cases where such were found), 
they decay early, but that in an appreciable number of cases 
these teeth survive an early caries and have comparatively good 
powers of resistance, so that they are kept right up to a ripe 
old age. Because of the diagnostic difficulties previously men- 
tioned, this conclusion must be taken with some reservation. 

Of the 258 people submitted in Table 24, 101 of them from 
50 — 75 years of age have been tested with regard to powers of 
mastication. The number of teeth in these persons was better, 
since they were selected. Under such circumstances, it is hardly 
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TABLE 25. 

Number of contacts of teeth in older men, divided into groups with sets 
of teeth in varying condition. Regarding class limits, see Table 17. The- 
oretical class midpoint — T. n — number of persons, il/ ± e(il/)==mean 
dr standard error, a = standard deviation. 


Set of teeth 

n 

T 


0 


Grinding 

teeth 



Group 

I: extremelv good 

15 

21 

18.80 ± 0.6G 

2.54 


II: good 

24 

13 

12.71 ± 0.24 

1.20 

» 

III: bad 

19 

9 

8.89 ± 0.19 

0.81 

> 

IV: extremely bad 

43 

3.5 

4.23 ± 0.33 

2.17 


Cutting teeth 



Group 

I: extremely good 

15 

— 

5.73 ± 0.21 

0.80 

3> 

IT: good 

24 

— 

4.92 ±'0.28 

1.35 

T> 

III: bad 

19 

— 

5.05 ± 0.31 

1.35 

» 

IV: extremely bad 

43 

— 

4.33 ± 0.21 

1.36 


of interest to give a detailed account of the nature of the teeth. 
In the grouping the same limits were used as for adult men. 

A survey of the average number of occlusion contacts in the 
four groups is given in Table 25. The average number of occlu- 
sion contacts within the groups shows good agreement with the 
theoretical centre of the class for groups II and III. The groups 
I and IV show minor deviations, on the other hand. 

The average number of grinders per occlusion unit gives, as 
is to be expected, rising figures: for group I, 0.S3 teeth, for 
group II, l.(io teeth, for group III, 1.25 teeth and for group IV 
1.65 teeth. 

The occlusion surface has also been determined for the older 
men. As Table 26 shows, 20 values are missing in group IV. 
The reason for this is that specimens' taken from persons with 
few contacts were discarded, because the wax impressions were 
not so suitable for determining surface. 

The values for the average occlusion surface are throughout 
higher than the values we found in adult men (cf. Table 18). 
The difference between adult men and older men is for group 
I (extremely good sets of teeth) 96.4 + 27.0 sq.mm., for group II 
(good sets of .teeth) 59,o±19.4 sq.mm., for group III (bad sets 
of teeth) 44.7 ±22u sq.mm., and for group IV (extremely bad 
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TABLE 26. 

Occlusion surface of the grinding teeth in sq. mm. in older men, divided 
into groups with sets of teeth in varying condition. Regarding class 
limits, see Table 17. n — number of persons. M ± s(M) == mean i standard 
error, a = standard deviation. 


Set of teeth 

n 

M ± e{M) 

O 

Group I: extreme! v good 

15 

532.0 i- 24.G 

95.1 

s II: good 

24 

3S6.7 ± 17.5 

85.8 

3 III: bad 

19 

294.7 ± 20.9 

91.2 

3 IV: extremely bad 

23 1 

198.7 ± 12.7 

60.9 

Total 

SI 

338.G ± 15-8 

141.9 


sets of teeth) 43.i±15.r> sq.mm. The differences for groups I 
and II are statistically significant; that for group III, on the 
other hand, is not. In group IV the difference is statistically 
probable. The difference between adult and older men in extre- 
mely good and good sets of teeth is probably due to the fact 
that the grinders in the older men investigated were abraded 
to a greater extent. A tooth with the cusps worn down gives a 
larger wax impression than an intact tooth, but this does not 
mean that, the smooth occlusal surface need necessarily be lar- 
ger in actuality than the intact occlusal surface with high cusps. 
No difference in abrasion was found between groups III and IV, 
and no statistically significant difference in value between the 
occlusion surfaces was obtained. 

If we finally investigate the variation, we find distinct dif- 
ferences as regards the number of contacts, so that the variability 
is larger in the extreme groups than in the middle groups. (Cf. 
Table 25). The difference between group I and group III is 
statistically significant (difference 1 .73 ±0.48). 

If we look at the variability for the occlusion surface on the 
other hand, we do not get corresponding differences, and the 
differences are nowhere statistically significant. Here, then, 
there is a remarkable lack of parallelism between the number of 
occlusion contacts and the occlusal surface measured in sq. mm. 
The lack of agreement may possibly be supposed to be connected 
with the abrasion of teeth in the old, which constitutes yet an- 
other reason for variation. 


1 Regarding 20 cases of 43, information is lacking. 
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TABLE 27. 

Theoretical ( T ) and observed (A 7 ) number of teeth in 45 older women. 


Type of teeth 

Number of teeth 

T 

A 

N in % 
of T 

Total number of teeth 

1430 

237.50 

16.G 

Cutting teeth 

530 

190.50 

35.9 

Grinding teeth, of which 

900 

47.00 

5.2 

Wisdom teeth 

180 

0 

0 

Other grinding teeth 

720 

47.00 

6.5 


Set of teeth in old women. 

In giving an account of the investigation material in Chapter 
8, it ivas said that it was not easy to find older women with their 
own teeth in almshouses. The author has been for material 
through two almshouses, together housing 620 women from 60 — 
90 years of age, and among these has only been able to find a 
few with their own teeth. It is noteworthy that the number of 
teeth is considerably worse among older women than in the group 
of older men (cf. Table 24). It must, however, be said that the 
materials are not wholly comparable. The male material has 
been taken from a workhouse and does not include particularly 
ancient individuals, as men who are sickly and quite unable to 
work on account of age are transferred to almshouses. It may 
therefore well be that if a material of men, corresponding with 
that of the women as regards age, were investigated, an equally 
bad result would be obtained. In any case, less differences could 
certainly be expected than those expressed here by the figures. 
As it was, most of the older women had dentures. A small num- 
ber had no teeth at all, and only 45 had any of their own left. 
An occasional tooth could sometimes be found in those with den- 
tures, however, especially in the lower jaw as a support for the 
false ones. A survey of the nature of the teeth in the 45 women 
who had their own teeth is given in Table 27. 

The table shows that the women investigated had few teeth, 
with large differences between the calculated maximal and the 
actual number. Of the total calculated number, only one sixth, 
or 16.6 per cent, were found in reality. There were no wisdom 
teeth at all, and only 6.5 per cent of the calculated maximal num- 
ber of other grinders. As the figures show, the number of teeth 
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TABLE 28. 

Number of contacts of teeth in older women, divided into groups with sets 
of teeth in varying condition. Regarding class limits, see Table 17. 
Theoretical class midpoint = T. n = number of persons. M ^ s(M ) = 
mean ^ standard error, a = standard deviation. 


Set of teeth 

n 

T 

M ± t: (ill) 

o 


Grinding 

teeth 



Group 

I: extremely good 

10 

21 

18.90 ± 0.4G 

1.45 

7> 

II: good 

17 

13 

12.18 ± 0-27 

1.13 

7> 

III: bad 

12 

9 

8.67 irO.19 

0.65 

» 

IV: extremely bad 

11 

3.5 

4.55 ± 0.53 

1.75 


Cutting teeth 



Group 

I: extremely good 

10 

— 

4.90 ± 0.48 

1.52 

3> 

II: good 

17 

— 

5.71 ± 0.11 

0.47 

J> 

III: bad 

12 

— 

0.25 ± 0.46 

1.60 

2> 

IV: extremely bad 

11 

— 

5.18 ± 0.33 

1.08 


in these women was such as to compel their being referred to 
group IV, i. e. extremely bad sets of teeth. It was further found 
that the grinder occlusion contacts were missing or else so few 
that the material did not lend itself to an investigation of the 
mastication effectivity. Only a few individuals could be used. 

The investigation material had therefore to be sought else- 
where. At factories and other places of work, there proved to be 
great difficulties in getting older women with their own teeth 
for an investigation. The material that has been tested with 
regard to masticatory powers is mainly taken from the author’s 
private practice. 

The older women investigated belonged, as a rule, to the more 
well-to-do classes, and consisted of persons who had looked after 
their teeth. The number of teeth was comparatively good, and 
displayed small differences compared with the number in adult 
women, in spite of the difference in the average age between the 
two materials. Incisors were found to practically the whole of 
the calculated number, being absent in 3.1 per cent, grinders 
except for wisdom teeth to about three fourths or 72. 5 per cent 
and wisdom teeth to about one fourth or 22. 9 per cent. 

The material is divided into four groups within the same limits 
for the point values as were used for adult men. A survey of 
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TAIUjK 29. 

Occlusion surface in sq. mm. in older women, divided into "roups with 
sets of teeth in varying condition. Regarding class limits, see Table 17. 
a = number of persons. M J; r(Af) = mean J- standard error. 
n = standard deviation. 


Set of teeth 

n 

M -J: r[M) 

n 

Group 1: extromelv good 

10 

•I tO.O -1- 20.7 

(‘.0.1 

: II: good 

17 

:toK.« -j- i3.o 

f.3.8 

III: bad 

12 

200.8 -|- 13.5 

•1(5.0 

5 IV: extremely bad 

10' 

132.5 ± 13.1 

-11.1 

Total 

-to 

27-1.8 ;!; 17.1 

121.9 


the average number of occlusion contacts within the four groups 
is given in Table 28. 

In a comparison between t lie average number of occlusion 
contacts in adult and older women, we find them agreeing fairly 
well. In groups 111 and IV we have lower values for grinders 
and higher values for incisors. This contrast may possibly be 
explained by saying that , within certain limits, there is it connec- 
tion between the lower number of grinder contacts and the higher 
number of incisor contacts, which means it decrease in the sot 
ol" teeth and thereby a slight increase of the incisor contacts. 
This holds good of older men, too. This assumption is hacked 
up by the fact that differences as concerns both grinders and 
incisors arc only found in groups III and IV. i. e. in had sets 
of teeth. The average number of grinders per occlusion unit 
shows O.sx teeth for group 1. l.ir, for group 11. l.ci for group 
III. and l.-n for group IV. 

The older women have not shown the same wear of the occlu- 
sal surface cusps as was found in the older men. Probably, there- 
fore, wo cannot expect such very great differences in the values 
for the occlusion surface area in a comparison of those in older 
women with corresponding values in adult women. A survey 
of the average values of the occlusion surface area in groups 
divided according to the number of grinder contacts, is given 
in Table 29. 

The figures in the table show, when compared with the corres- 
ponding values for adult women in Table 23, that the average 


1 Regarding 1 case of 11, information is lacking. 
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TABLE 30. 

Theoretical (T) and observed (A 7 ) number of teeth in 100 boys and girls 

at 13 years of age. 


Type of teeth 

Number of teeth 

T 

N 

N in % 
of T 

Total number of teeth 

2800 

2633.75 

94 l 

Cutting 5 

1200 

1175.25 

97.9 

Grinding ■> 

1600 

1458.50 

91.2 


occlusion surface area in group I (extremely good sets of teeth) 
is larger, while in the other groups it is smaller. As the material 
is small and the differences not statistically significant, it is 
not possible to see whether there is any real difference in the 
area of the occlusal surfaces between adult and older women. 
It may be remembered that the average number of occlusion 
contacts is lower in older women just in groups III and IV ; 
this should, in respect of the high correlation between occlusion 
surfaces and grinder contacts, give lower means for the occlusion 
surface in these latter groups. 


Set of teeth in children. 

In children, we have to reckon, as regards the number of teeth, 
with not altogether similar conditions for the sets as in adults, 
and this in certain respects prevents comparisons being made 
between the two. As is seen from the account of the investiga- 
tion material in Chapter 8, some of the children investigated 
and tested for masticatory powers had permanent teeth, and 
some had their milk teeth. The material consists of schoolchild- 
ren from Stockholm, and can probably be regarded as repre- 
sentative in so far as all who came for investigation were included. 

Table 30 gives a survey of the number of teeth in 100 13-year- 
old children, of which exactly half were boys and half girls. 
Taking into consideration the size of the material, it was not 
thought that a special differentiation of boys and girls would 
prove of interest. 

The figures in the table show us that, the difference between 
the actual number of teeth and the calculated maximal number 
is very small. Practically the 'whole of the total number is 
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TABLE 31. 

Theoretical ( T ) and observed (A 7 ) number of contacts of teeth in 100 
boys and girls at 13 years of age. 


Type of teeth 

Number of contacts 

of teeth 

T 

A 

X in % 
of T 

Total number of teeth 

2600 

1938 

76.5 

Cutting * 

600 

455 

75.8 

Grinding » 

2000 

1533 

76.7 


there, with the exception of incisors in 2.i per cent and grinders 
in 8.8 per cent of the possible number, which in children of 13 
amounts to 28. (44 children had 28 teeth.) Comparisons can 
now be made with the adults’ teeth, as the wisdom teeth in tables 
for adults are kept separate from the other grinders. A com- 
parison between 13-year-olds and adult men shows that the child- 
ren investigated have a larger number of grinders. The diffe- 
rence is 16.9 per cent. On the other hand, the number of inci- 
sors in 13-year-old children is lower, with a difference of 0.- 
per cent. This difference is small and may be due to chance. 

The fact that most of the sets of teeth were complete lias 
meant that the number of grinder occlusion contacts was very 
high, gaps in the rows being relatively rare. A survey of the 
actual and the calculated number of contacts is given in Table 31. 

The figures in the table show the actual number of occlusion 
contacts for incisors to be missing in 24.2 per cent, and 
for grinders to be present to about three fourths — i. e. absent 
in 23.3 per cent — of the possible number. Contacts for adult 
men are missing in 48,9 per cent, and in 46.9 per cent for women. 
We find, in other words, about half of the grinder contacts in 
adult men and women, while in children there are about three 
fourths of the calculated number. 

As the number of teeth among the 13-year-olds was largely 
good, the limits used in the material for grouping the sets into 
four could not be applied directly. A classification has been made 
following the distribution of grinder occlusion contacts in the 
material, with limits set at median and quartiles. The calcula- 
tion shows that the lower quartile lies at 12.5 points, the median 
at 15.9 points, and the upper quartile at 18.i points. According 
to this calculation, group I A (perfect teeth) falls within the 
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TABLE 32. 

Number of contacts of teeth in thirteen-year-old children, divided into 
groups with sets of teeth in varying condition. The class limits are: 
for group I a, 20 — 19 mastication contacts, for group I b, 18 — 16 mastica- 
tion contacts, for group II, 15—11 mastication contacts, for group III, 

10 — 0 mastication contacts. 


Set of teeth 

n 

T 

M ± s(M) 

a 

Grinding teeth 




Group la: perfect 

18 

19.5 

19.67 ± 0.11 

0.49 

s I h : verv good 

36 

17 

17.08 ± 0.14 

0.84 

t> I a -J- I b: extreme! v good 

54 

. 

17.94 ± 0.20 

1.42 

5 II : good 

37 

13 

12.84 ± 0.24 

1.44 

» III: bad 

9 

5 . 

9.89 

• 

Cutting teeth 




Group I a : perfect 

IS 

— 

4.78 ± 0.50 

2.10 

» I h : very good 

36 

— 

4.56 ± 0.43 

2.56 

» I a -f- I b : extremely good 

54 

— 

4.63 ± 0.32 

2.38 

» II: good 

37 

— 

4.59 ± 0.29 

1.79 

» III: had 

9 

— 

3.89 

• 


limits from 20 — 19 points inclusive, group I B (very good teetli) 
within the limits 18 — 16 points, group II (good teeth) within 
the limits 15 — 11 points, and group III (had teeth) within the 
limits 10 — 0 points. For group II (good teeth), the same limits 
could he retained as used previously, i. e. the limits from 15 — 11 
points. Group I (extremely good teeth) has been divided up 
into group I A (perfect teeth) and group I B (very good teeth), 
and group IY (extremely bad teeth) has been added to group 
III (bad teeth) to form one group. 

In consideration of the very good number of teeth in the 13-year- 
old children investigated, relatively high values for the average 
number of occlusion contacts can be expected. Figures are given 
in Table 32. 

In a comparison with corresponding averages for adult men 
and women, we find good agreement for the groups designated 
in the tables as extremely good, good and bad — i. e. groups 
I A and I B together, groups II and III. The adult group styled 
extremely bad teeth is not found among the older children in- 
vestigated. 

A calculation of the number of grinders per occlusion unit 






92 


BEKTIIj daiibberg 


TABLE 33. 

Occlusion surface in sq. mm. in thirteen-year-old boys and girls, divided 
into groups with sets of teeth in varying condition. Regarding class limits, 
see Table 32. n = number of persons. M ± e{M) = mean ± standard 
error, a = standard deviation. 


Set of teeth 

n 

M±s(M) 

a 

Group la: perfect 

18 

427.8 ± 10.5 

44.4 

» I b : very good 

3G 

396.4 ± 9.0 

54.3 

» II: good 

35 1 

311.4 ± 8.7 

51.3 

» III: bad 

9 

267.8 


Total 

9S 

360.0± 7.6 

74.9 


for tlie different groups showed that practically all the teeth 
in group I had functional importance, and that, furthermore, 
only a relatively small number within groups II and III had no 
function at all. For group I A, the number of teeth per occlu- 
sion unit was O.si, for group I B, O.oi, for group II, l.os and for 
group III, l.i 7 . 

The investigated children had received dental treatment at 
school, and this no doubt contributed to their having a good 
number of teeth. The permanent teeth had as a rule come through 
completely, and many of the children still had the 6-year tooth. 
There is therefore reason to expect comparatively high values 
for the occlusion surface. A survey of the average occlusion sur- 
face for the four groups is given in Table 33. 

The figures in the table show that the average value for the 
occlusion surface is high. The older children are found, in spite 
of the lack of wisdom teeth, to have biting surfaces which agree 
fairly well with the values displayed in adult men and women. 

The youngest investigated children, i. e. 100 7-year-old boys 
and girls, had as a rule cut their 6-year tooth. The maximal 
number of teeth that a child can have at this age is 24, i. e. 20 
milk teeth and 4 permanent teeth. A survey of the calculated 
and actual number of teeth is given in Table 34. The milk teeth 
and permanent teeth have not been kept separate here. 

The figures in the table show that incisors are missing in 14.9 
per cent of the calculated maximal number. The percentage 
figure is high, which is of course due to the fact that it is just 

' Regarding 2 cases o£ 37, information is lacking. 
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TABLE 34. 

Theoretical (T) and observed ( N ) number of teeth in 100 boys and girls 

at 7 years of age. 


Type of teetli 

Number of teeth 

T 

N 

N in % 
of T 

Total number of teeth 

2400 

1878.00 

78.3 

Cutting » 

1200 

1021.75 

85.1 

Grinding . » 

1200 

856.25 

71.4 


at this age the child loses his first front teeth. Grinders (milk 
teeth and permanent teeth) are present to about three fourths, i. 
e. missing in 28.6 per cent, of the calculated number. 

A survey of the number of occlusion contacts is given in 
Table 35. 

The figures show that the number of occlusion contacts for 
grinders is high in relation to the number of teeth involved. 
Thus, in a comparison of percentages for the number of teeth 
and number of occlusion contacts between 7-year-old children 
and adult men (cf. Table 15), we find 17 per cent more con- 
tacts in the former, corresponding in both groups to about the 
same number of teeth. The comparison shows that the sets of 
teeth in 7-year-olds have relatively few gaps. 

To discover whether the same limits for grouping the sets of 
teeth as were used for adult persons are suitable here, the 
distribution of the material was investigated with calculation 
of median and quartiles. This showed the lower quartile to lie 
at 6.s points, the median at 9.3 points, and the upper quartile 
at 12.o points. The distribution differs from the one found in 
the material for adult men and women, where the lower quartile 

TABLE 35. 

Theoretical ( T ) and observed (N) number of conctacts of teeth in 100 
boys and girls at 7 years of age. 


Type of teeth 

Number of contacts of teeth 

T 

N 

N in % 
of T 

Total number of teeth 

2000 

1348 

67.4 

Cutting » 

600 

394 

65.7 

Grinding » 

1400 

954 

68.1 
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TABLE 36. 

Number of contacts of teeth in seven-year-old children, divided into groups 
with sets of teeth in varying condition. The class limits are: for group I, 
20 — 16 mastication contacts, for group II, 15 — 11 mastication contacts, 
for group III, 10 — 8 mastication contacts, for group IV, 7—0 mastication 
contacts. Theoretical class midpoint = T. n — number of persons. 

M dr s(M) = mean dr standard error, a — standard deviation. 


Set of teeth 

n 

T 

M ± f.{M) 

a 


Grinding teeth 



G 

roup 

I: extremely good 

8 

18 

16.00 


7> 

II: good 

29 

13 

12.38 ± 0.22 

1.21 

7 > 

III: bad 

35 

9 

8.89 ± 0.14 

0.83 

7 ) 

IV: extremely bad 

28 

3.5 

5.57 dr 0.21 

1.10 


Cutting teeth 



Group 

I: extremely good 

8' 

— 

4.13 


» 

II: good 

29 

— 

3.72 dr 0.25 

1.33 

7) 

III: bad 

35 

— 

3.97 dr 0.23 

1.38 

7 ) 

IV: extremely bad 

28 

— 

4.07 dr 0.24 

1.27 


lies at 7.- points, the median at 11 points and the upper quar- 
tile at 15.9 points. The difference is nevertheless not so great 
that the same limits cannot be used in grouping the sets of 
teeth — namely, according to the number of occlusion contacts 
from 20 — 16 points for group I, 15 — 11 points for group II, 
10—8 points for group III and 7 — 0 points for group IY. 

We have now found a relatively high number of grinder oc- 
clusion contacts in proportion to the average number of the 
grinding teeth. It can be of interest to see how the average 
number of such contacts is distributed over the four groups, 
with reference to the grouping’s having been done according to 
the same limits as were used for adults. A survey is given in 
Table 36. 

The figures in the table show a surprising agreement in the 
average number of occlusion contacts for grinders in the four 
groups with corresponding figures for adult men and women 
(cf. Tables 17 and 22). 

The occlusion surface has also been determined for the youngest 
children. A survey of the average surface is given in Table 37. 

As expected, we find lower values compared with the corres- 
ponding ones for 13-year-olds. The difference for good sets of 
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TABLE 37. 

Occlusion surface in sq. mm. in seven-year-old boys and girls, divided 
into groups with sets of teeth in varying condition. Regarding class 
limits, see Table 36. n — number of persons. M ± e(M) = mean dr standard 
error, a — standard deviation. 


Set of teeth 

n 

M ± e(M) 

O 

Group I: extremely good 

8 

306.3 


j II: good 

29 

263.1 ± 7.5 

40.4 

» III: bad 

35 

199.7 ± 4.8 

28.2 

y> IV: extremely bad 

26 1 

144.0 dr 5.7 

29.3 

Total 

98 

212.4 rt 6.3 

62.5 


teetli (group II) is 48.3±l.i5 sq.mm., and is statistically signifi- 
cant. The total average difference is 147.c±9.9 sq.mm. 

In a comparison of the average value of the occlusion surface 
through the whole of the investigation material, we find the 
following values: for 13-year-old children 360.o + 7.r sq.mm., (for 
older men, who, however, constitute a selected material, 338.c>± 

15.8 sq.mm.), for adult men 299 . 7 ± 8.3 sq.mm., for adult women 
295.1 + 7.3 sq.mm., (for a selected material of older women 

274.8 + 17.1 sq.mm.) and for 7-year-old children 212 .i± 6.3 sq.mm. 
"We find the greatest difference between 13-year-old children and 
7-year-old children. The total average value for the occlusion 
surface for adult men and women lies about halfway between 
the values for 13-year-olds and 7-vear-olds. The older men and 
women investigated are not representative for the respective age 
groups, so that a comparison with their values is of no very 
great interest. 

It was thought unnecessary to compare the results obtained 
by the author with those in other investigations which have 
been carried out into the nature of the teeth in the average popula- 
tion of Sweden. Such investigations have been made to get some 
information with regard to the occurrence of caries, but are not 
intended to throw light on the sets of teeth from a functional 
point of view. On the whole, the materials have not been sub- 
mitted to any close statistical analysis, so that the figures obtai- 
ned cannot be compared with those submitted here. 

1 Regarding 2 cases of 28, information is lacking. 



Chapter 12. 


The number of chews in persons of different age and 
sex, and with different sets of teeth. 

The number of times a mouthful is chewed before being swal- 
lowed depends first and foremost on its character, i. e. it is in- 
fluenced by sensations deriving from the degree to which the 
mouthful is reduced. Different food substances are chewed for 
different lengths of time. Conscious acts of will probably do not 
play such a very large part in normal chewing, even if such 
factors may be thought to have some influence when it is a 
question of special tests. It can be assumed without further dis- 
cussion that more or less constant habits are formed in chewing. 
One person may chew carelessly, i. e. only a few times, another 
may chew each mouthful a large number of times. There are, 
in principle, two ways in which these habits can be thought to 
be determined: food of a certain sort may be chewed until a 
certain degree of reduction is reached, or it may be chewed a 
certain number of times, with not so much attention paid to the 
result obtained. 

If the degree of reduction is the deciding factor, we should 
expect great average differences between persons with good and 
bad sets of teeth. Those with bad sets ought, as a rule, to com- 
pensate the lowered effectivity due to loss of teeth by chewing- 
longer, for a larger number of chews must be needed to reach a 
result comparable with that from good sets. We should find a 
certain variability for persons with the same sort of teeth, but 
this ought to be less than the one obtained in a population where 
the sets of teeth, too, vary. In so far as the question is one of 
habits, the variation in the number of chews when a given indivi- 
dual chews successive portions of one and the same type of food 
substance should be comparatively small. 

If, on the other hand, the more or less fixed habits refer to 
the number of chews, this number should, once the habits have 
been formed, be fairly independent of the conditions in the sets 
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of teetli. Persons with poor sets should, on an average, chew the 
same number of times as those with good sets. We would further 
expect to find the variation in the number of chews for persons 
with the same sort of teeth to be about as large as the one in a 
population where the sets of teeth vary, also. Then, too, we ex- 
pect a relatively small variation when one person chews succes- 
sive mouthfuls of a selected substance. 

It is, of course, possible that the way in which an individual 
chews is determined both by factors referring to the number of 
chews, and factors conditioned by sensations due to the mouth- 
ful’s degree of reduction. These principles will be taken into 
account in the investigation in the following pages of the num- 
ber of chews used in the mastication tests by persons of diffe- 
rent ages, different sex, and with different sets of teeth. Before 
these problems are discussed, however, an account will be given 
of investigations, made to get an idea of the importance the 
character of the test material has for the number of chews, and 
also of investigations into how far the test corresponds to chew- 
ing under normal circumstances. 


Chewing materials of different types. 

Now, when chewing food, the number of chews varies with 
the consistency of the food and the size of the moutfuls. In the 
investigation of test material of different consistency, described 
in Chapter 3, a small number of conscripts were made to chew in 
succession approximately the same amount of gelatin, carrot, 
white of egg, synthetic rubber and indiarubber. The test sub- 
jects, half of which had good sets of teeth, and half bad, were 
allowed to chew the different portions for as long as they them- 
selves wanted. Table 38 gives figures showing how test portions 
of different consistency are chewed. 

The table shows that white of egg is on an average chewed a 
very small number of times, after which the test subjects consi- 
der it ready to swallow. Indiarubber, on the other hand, seems 
hard to chew, and takes a relatively long time, though as the 
number of tests is small, the differences compared with other 
materials (with the exception of white of egg) are not statisti- 
cally significant. When the sets of teeth are bad, we find no 
differences of any great importance between the other substances, 
i. e. gelatin, carrot, and synthetic rubber. Subjects with good 

( — Dahlberg. 
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TABLE 38. 

Number of chews in mastication of materials of different kinds. Regarding 
class limits, see Table 17. n = number of persons, ill ± s(ilf) = mean 
dr standard error, a — standard deviation. 


Material 

n 

M±e(M) 

a 

Extremely good 

set of teeth: not swallowed tests 

Gelatin 10 % 

41 

49.8 ± 2.6 

16.5 

» 15 

41 

53.2 dr 2.3 

14.7 

. » 20 

41 

55.4 ± 2.4 

15.6 

Carrot 

41 

41.5 ± 2.4 

15.6 

White of egg 

41 

16.2 dr 1.0 

6.5 

Synthetic rubber 

. 33 

43.6 dr 3.2 

18.2 

Indiarubber 

11 

63.5 dr 7.8 

25.9 

Extremely good set of teeth: swallowed 

tests 

Gelatin 15 

27 

54.3 ^ 3.8 

19.9 

Carrot 

28 

39.1 dr 2.9 

15.4 

White of egg 

2S 

12.9 dr 0.9 

4.5 

Bad set of teeth: not swallowed tests 

Gelatin 10 % 

42 

47.1 dr 3.0 

19.4 

» 15 

42 

55.4 dr 3.2 

20.5 

» 20 % 

42 

58.4 dr 3.2 

20.8 

Carrot 

42 

55.4 dr 2.8 

17.9 

White of egg 

42 

16.4 dr 1.0 

6.6 

Synthetic rubber 

36 

56.1 dr 3.1 

18.5 

Indiarubber 

12 

73.1 dr 6.9 

23.7. 

Bad set of teeth: swallowed tests 


Gelatin 15 % 

28 

60.8 dr 5.1 

26.8 

Carrot 

2S 

51 .7 dr 2.7 

14.4 

White of egg 

29 

14.3 dr 1-2 

6.5 


teeth stop chewing synthetic rubber and carrot after a somewhat 
fewer number of chews than are taken for gelatin. The difference 
is statistically significant between carrot and 20 per cent gela- 
tin (13.9 + 3.4), and statistically probable between synthetic rub- 
ber and 20 per cent gelatin (11.8 + 4.o). The figures show, howe- 
ver, that there is a great difference in the number of chews 
which different people take to chew a material. The figures 
seem to imply that the standard deviation is greater in poor sets 
of teeth than in good ones, but these differences are not 
statistically significant. 

A comparison between the number of chews in good and bad 
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sets of teetli shows good agreement for white of egg (difference 
0.2 + l.i), indiarubber (difference 9.6 + 10.4), and 15 per cent gela- 
tin (difference 2.2±3.g). A similar comparison using synthetic 
rubber gives a probable difference (12.5 ±4.5), and only for car- 
rot do we find a statistically significant difference (13.9 + 3.7) 
in testing (but not in chewing and swallowing). This result, 
however, must be taken with a certain amount of reservation, 
because it has been difficult to get cheiving pieces of the same 
size at different occasions (as a matter of fact the chewing pieces 
for the two groups were cut by different persons) and, further- 
more, the quality of the carrots may have been different in 
different samples. 

The investigation shows that the number of chews increases 
if the material is difficult to chew. We get the impression that 
their number is possibly slightly raised in chewing with poor sets 
of teeth. This question will be discussed in more detail in the 
following pages. 


Chewing in testing o.ncl swalloiving. 

An investigation has also been made to see whether the test 
subjects chewed the second and third test portion according to 
instructions received. A small number of persons were told to 
chew pieces of a certain size, consisting of gelatin, carrot, and 
coagulated white of egg, until the mass felt ready to swallow, and 
were also given a corresponding number of pieces to chew and 
swallow. The number of chews was counted each time. To avoid 
systematic errors in the number of chews the order of these two 
processes was varied, as also the order of the different materials 
of gelatin, carrot and white of egg. 

Table 38 also gives figures of the difference between the ave- 
rage number of chews in chewed and swallowed portions on the 
one hand, and in only chewed portions on the other. The figures 
agree well. 

The figures obtained' in double tests have further been 
statistically analysed, so that the separate differences were cal- 
culated between consecutive portions. The means of the differen- 
ces were then calculated. The results are shown in table 39. 
We can see from the figures that the number of chews in the 
test-chewing and in the chewing with swallowing agrees well. 
Statistically significant differences are found only for white of 
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TABLE 39. 

Differences in number of chews when the pieces are swallowed and when 
they are chewed for testing, -j- means that the number of chews in 
swallowing is greater than the number in testing. n = number of 
persons. D ± «(£>) = mean of the differences ± standard error. 


Material 

n 

I> ± <D) 

Extremely good set 

of teeth 

15 % gelatin 

27 

— 0.8 -J- 3.6 

Carrot 

28 

— 2.6 ± 1-5 

White of egg 

28 

— 3.5 ±1-0 

Bad set of teeth 

15 % gelatin 

28 

-f 3.8 ± 3.7 

Carrot 

28 

— 0.5 ± 2.9 

White of egg 

29 

— 2.8 ± 0.7 


egg: in good sets of teeth 3.5 + 1.0, and in bad ones 2.s±0.7. 
Though statistically significant, they are so small that they can 
- be looked upon as having no importance. The results are sur- 
prising, as distinct differences might have been expected. With 
food, as we know, a person chews and swallows alternately until 
the mouthful has gone down. When a test portion is chewed un- 
til it feels ready to swallow, it does not get smaller during the pro- 
cess but, on the contrary, 'grows’ in the mouth. It should there- 
fore be difficult to determine when the chewed mass is ready to 
swallow — when, that is to say, one should stop chewing. The 
investigation indicates that, as far as the number of chews are 
concerned, the test subjects are not influenced by the successive 
diminution of what they have in their mouths in the one test, 
and by its successive »increase» in the other. The instructions 
given for mastication tests II and III seem, therefore, possible to 
follow correctly. 


Chewing with more or less defective set of teeth. 

It is now of great interest to discover more definitely whether, 
as there is most reason to expect, a deterioration in the number 
of teeth and a decrease of occlusion contacts lead persons to 
compensate for poor powers of mastication by chewing a larger 
number of times. 
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TABLE 40. 

Number of chews in grown-up men in mastication of test portions. Di- 
stribution with regard to sets of teeth in varying condition. (Cf. Table 17.) 
n = number of persons. M ± f) == mean dr standard error. 
a = standard deviation. 


Set of teeth 

n 

Mastication test 

I 

II 

hi 1 

i 

M ± e{M) 

o 


o 


a 

Group I : extremely good 

G3 

G0.0±3.1 

24.6 

63.2 ±3.4 

26.9 

68.6 ±3.4 

27.2 

» II: good 

60 

60.2 Jr 3.7 

2S.5 

65.1 ±3.9 

30.6 

66.9 ±3.7 

28.7 

> III: bad 

51 

61.5 ±3.3 

23.6 

71.8±3.8 

27.4 

70.7 ±3.6 

25.5 

» IV : extremely bad 

55 

65.5 ±4.5 

33.1 

65.0 ±4.3 

32.0 

65.2 ±3.7 

27.3 

> I— IV : 

229 

61.6±1.S 

27.8 

66.2 ±1.9 

29.5 

67.8±1.8 

27.3 

* I — IV: mastication test II -f- III: n = 

458; M = 

6/.0 1-3 i o — 

28.4 


The number of chews has therefore been counted in each test 
in the whole of the investigation material, and the average num- 
ber of chews is given in the statistical treatment of the first, se- 
cond, and third tests in the groups I, II, III, and IV. This makes it 
possible to compare the number of chews in children and adult 
and old men and Avomen, Avith good and bad sets of teeth. As 
has been said before, the persons investigated were given stan- 
dardized portions to clieAV. The instructions which were given in 
the mastication tests, and which were described in Chapter 9, 
signified that the first portion (in subsequent tables denoted 
test, poi'tion I) is cheAved as the subject chooses, the second and 
third portions (II and III) are cheAved until they feel ready 
for swallowing in the same way as if they were food. 

Table 40 gives a survey of the average number of chews taken 
for standardized portions in tests I, II and III, by 229 conscripts 
and older mobilized classes AAith extremely good, good, bad, and 
extremely bad sets of teeth. 

The figures show that there is remarkable agreement in the 
average number of cheAvs in different sets of teeth, i. e. between 
the groups I, II, III, and IV. For test III, the difference in 
the aA^erage number of chews between groups I and IV is 
3.4 ±5.o. The figures show, further, that there is great variation 
in the number taken by different persons for the standardized 
portion. The values for the standard deAiation and the Amriation 
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TABLE 41. 

Number of chews in grown-up women in mastication of test portions. 
Distribution with regard to sets of teeth in varying condition. (Of. 
Table 17.) n — number of persons. M dr s(M) — mean dr standard error. 

a = standard deviation. 


Set of teeth 

n 

Mastication test 

I 

ii 

III 

M±e(M) 

D 

M ± s[M) 

D 

M ± e{M) 

a 

Group I: perfect 

61 

63.3 dr 2.8 

22.0 

54.8 dr 3.2 

24.8 

55.1 dr 2.9 

22.4 

» II: very good 

76 

63.9 dr 3.1 

26.9 

59.0 dr 2.4 

20.8 

58.8 dr 2.5 

21.8 

» III: bad 

50 

67.0 dr 3.8 

27.2 

58.3 dr 3.6 

25.3 

58.6 dr 3.3 

23.4 

» IV: extremely bad 

50 

77.0 dr 4.6 

32.8 

61.5 dr 3.3 

25.5 

62.0 dr 3.6 

25.3 

» I— IV: 

237 

67.2 ±1.8 

27.7 

58.3 dr 1.5 

23.5 

Ui 

CO 

CJ1 

H- 

bt 

23.2 

I — IV : mastication test II ± III 

: 71 = 

474; M = 

58.4 dr 1-1; o = 

23.4 


coefficient nevertheless agree well in a comparison between sets 
of teeth of different types. The differences for the standard 
deviation between the groups are not statistically significant. 

Table 41 gives figures of the average number of chews taken 
by 237 adult women. As with the men, we find the mean num- 
ber of chews in the groups I, II, III, and IV agreeing well. If 
we take, for comparison purposes, mastication test III, where 
the second chewing is continued till the portion feels ready to 
swallow, we find that the women have, on the average, chewed a 
rather fewer number of times than the men (cf. Table 40). The 
differences are small, however, and they are not quite statisti- 
cally significant. For group I the difference is 13.5 ±4.5, for 
group II 8.i ±4.5, for group III 12.i±4.>j and for group IV 
3.2 i 5.2. 

As, in both cases, the mastication tests have been made with 
standardized portions, the author expected to find statistically 
significant differences with, on an average, more chews for the wo- 
men, since anatomical and perhaps conventional reasons make it 
more likely that they should be in the habit of taking smaller 
mouthfuls. A large mouthful needs more chewing than a small 
one, and the standardized test portions do constitute a relatively 
large mouthful, for the investigated women. 

The result obtained in the investigation of the number of chews 
in adult women backs up the conclusion that, in food moderately 
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TABLE 42. 

Humber of chews in older men in mastication of test portions. Distribu- 
tion with regard to sets of teeth in varying condition. (Cf. Table 17.) 
n = number of persons. M ± 4.M) = mean ± standard error. 
a = standard deviation. 
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TABLE 44. 

Number of chews in thirteen-year-old children in mastication of test 
portions. Distribution with regard to sets of teeth in varying condition. 

(Of. Table 32.) n — number of persons. AT dr e{M) = mean dr standard 
error, a — standard deviation. 


Mastication test 


Set of teeth 

n 

I 

II 

III 


n 

M ±- s{M) 

O 

M dr <M) 

a 

Group 

la: extremely good 

18 

63.7 dr 3.2 

13.5 

50.G dr 3.7 

15.7 

52.2 dr 3.9 

16.6 

» 

lb: » 


36 

58.0 dr 3.4 

20.4 

58.7 dr 2.9 

17.1 

58.6 dr 2.6 

15.5 

» 

II: good 


37 

64.0 dr 2.7 

16.7 

55.4 dr 2.4 

14.8 

56.5 dr 2.5 

15.4 

» 

III: bad 


9 

69.9 


50.8 



• 

» 

I— III: 


100 

62.3 ±1-8 

1S.3 

55.3 dr l.C 

16.4 

56.3 dr 1-0 

15.5 


I — III: Mastication test II — III : « = 200; M = 55.8 dr 1.1; a = 16.0 


in tlie number of ehetvs in good or in more or less defective sets 
of teeth. (Cf. Tables 42 and 43.) The same results are also 
obtained in a comparison of sets of varying excellence among 
13-year-old children (Table 44), and among 7-year-olds (Table 
45). Nowhere do we find statistically significant differences 
between the different teeth sets. Under such circumstances we 


TABLE 45. 

Number of chews in seven-year-old children in mastication of test por- 
tions. Distribution with regard to sets of teeth in varying condition. 
(Cf. Table 36.) n — number of persons. M = mean dr standard error. 

o — standard deviation. 
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may be justified in lumping together the results from the diffe- 
rent groups, which figures are also given in the tables. 

It is now of interest to compare mastication test I with tests 
II and III. As has been said before, in the first test the subject 
was allowed to chew as he liked. In II and III he was told to 
chew the portion till it felt ready to swallow. Under such circum- 
stances we may expect differences between the first test and the 
other two. A difference of this kind is not found for adult men. 
For adult women there is a small difference, which is all the 
same statistically significant (difference 8.s±2.i); older women, 
on the other hand, only show a probable difference: here, the 
material is smaller, and the standard error larger (difference 
9.6±3.s). For older men we find a very pronounced difference 
(difference 27.3 ±3.s). As has been said before, these latter had 
been admitted to workhouses, and were therefore to a certain 
extent accustomed to act on orders; in a number of cases the 
author was able to see how they patiently went on and on che- 
wing, waiting for permission to spit the mouthful out. This fact 
probably explains the great deviation. If, finally, we look at the 
children, we find a statistically significant difference among the 
13-year-olds. The first test has been better chewed (difference 
6.5 ± 2.i). For 7-year-olds, on the other hand, there is good agree- 
ment; at this age, they have obviously not let their habits be 
disturbed just because the}'- were being subjected to a test, which 
must, to a certain extent, seem a bit of a strange one. 


Chewing in regard to age and sex. 

It is now of interest to try, by using the lumped together 
material, to see whether it has been possible to find minor diffe- 
rences between the groups investigated. If we, then, in the first 
place compare adult men and women, we find a small statisti- 
cally significant difference (difference 8.6 ±1.7). On the other 
hand, if we compare older men with younger men, and older 
women with younger women, we find neither significant nor 
probable differences. If, finally, we compare 13-year-olds with 
adult men, we get a statistically significant difference (difference 
11.2 ±1.7), but there is no difference in a comparison with adult 
women. An interesting thing is that 7-year-olds chew a smaller 
number of times than either adult men or women; yet the dif- 
ference compared with the latter is statistically significant (dif- 
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■fer'ence 8.7 + I.g). Finally, tlie difference between 13-year-old and 
7-year-old children is statistically significant, amounting to 
6.1 + 1 . 6 . This possibly indicates that the chewing habits, which 
must of course be formed during childhood have not yet become 
fully fixed at the age of 7. It may be that 7-year-olds adapt 
themselves to the character of the food to be chewed more than 
is the ease later in life. At any rate it can be affirmed that 
7-year-olds chew more ’carelessly’ than do those who are older. 

When comparing children and adults it must be remembered 
that the children were tested with a smaller test portion. To 
get an idea of the influence of this factor, special tests on adults 
have been carried out. The same person has been tested with 
test portions of both sizes. In 30 eases the average difference 
between these two tests is found to be 12.6 + 1.5 chews, or 19.4 
per cent. This is almost exactly the same difference as between 
13-year-olds and adult men. Therefore, if allowing for the dif- 
ference in the size of the tests portions, there is no reason to 
assume any difference between 13-year-olds and adults. The 
difference between children of 7 and 13 years of age, however, 
stands, as they have been tested with test portions of the 
same size. 

From a theoretical point of view it is of course to be expected 
that the size of the test portions should have a certain influence 
which the author previously has pointed out. It has not been 
possible to enlarge the investigation by going deeper into this 
problem. 

Our concern is, now, to get an idea of the variability. To say 
that people have different habits is easy enough. One chews a 
few times and eats quickly and ’carelessly’, the other chews long 
and hard and eats slowly. There is actually great variability also. 
For adult men, it amounts to 28.i±0.<u chews, i. e. to 42.4 per 
cent. It is somewhat smaller in adult women, being 23.4 + 0.76 
chews, i. e. 40,o per cent. The difference between the standard 
deviations is statistically significant. In both materials, however, 
the standard deviation is so great that the distribution must be 
skew. (It can, of course, never vary further below the mean 
than to nearly 0 chews.) A survey is therefore given in Table 46 
of the distribution in adult men and women for the different teeth 
groups. The distribution shows that there are no values beyond 
-2 a below the mean; above it, however, the range of variation 
approaches' 3.r> a. In other words, the distribution is moderately 
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TABLE 4G. 

Distribution of number of cliews in grown-up men and women (groups 
with different sets of teeth are joined). The class interval is for men: 
0.5 <7 = 13.7 chews; for women: 0.5 a = 11.6 chews, M = mean. 
a = standard deviation. 


Sex . 




-ii/+ 







Total 

2a 4- 



0.5a -t- 



-7- 1.5(7 

-7-2(7 

-t-2.5 a 

- 7 - 3(7 

- 7 - 3 . 5(7 

Men: 

Number 

8.0 

28.8 

49.2 

39.2 

36.8 

29.2 

15.1 

11.7 

8.0 

3.0 

- 

229 

/° 

3.5 

12.6 

21.4 

17.1 

16.1 

12.8 

6.6 

5.1 

3.5 

1.3 


100.0 

Women : 












237 

Number 

4.0 

27.7 

54.6 

45.S 

45.7 

24.4 

16.6 

5.6 

5.6 

5.0 

2.0 

o/ 

s° 

1.7 

11.7 

23.0 

19.3 

19.3 

10.3 

7.0 

2.4 

2.4 

2.1 

0.8 

100.0 


skew. . Under such circumstances, it is possible to say that the 
number of chews varies around 60 — 70 in adult men and women, 
and that the range of variation goes down to 12 — 15, and up 
towards 140 — 165. The figures thus show that there is very great 
variation in the chewing habits which characterize different per- 
sons. We get a similar variation range for children and old 
people, also. The variation coefficient keeps at 30 — 35 per cent. 
In consideration of the fact that 7-year-olds chew, on an average, 
a fewer number of times than other groups, it is interesting to 
find that the standard deviation expressed in number of chews 
is appreciably smaller for them than for the others. The decrease 
is fairly proportionate to the decreased average number of chews, 
so that the variation coefficient amounts to 32. i per cent. 


Individual and interindividual variability. 

With the great variability in chewing habits as a background, we 
are now motivated in investigating how far we really are dealing 
with stabilized habits. A habit of chewing in a certain way can 
be more or less firm. An individual can, on an average, tend to 
chew a certain number of times, but this does not prevent him 
from chewing one and the same substance rather more one time, 
and rather less another. A gauge of the individual variation is 
obtained from the differences between mastication tests II and 
III, which were, as we know, made in the same way. The result 
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TABLE 47. 

Average difference (ill) and standard error (e) between number of chews 
in grown-up tnen and women in mastication tests II and III, and from 
the differences calculated standard deviation (oj) and variation coefficient 
(F) for a single individual. — means, that the number of chews in 
mastication test II is smaller than the number in mastication test III. 

n = number of persons. 


Sex 

n 

M ± s(ilf) 

oi 

V 

Men 

229 

— l.W ± 1-05 

11.3 

16.9 

Women 

287 

— 0.19 ± 0.71 

7.7 

18.3 


of calculations based on these differences will be found in 
Table 47. 

The table shows there to be no statistically significant dif- 
ferences between the second and the third test portion. It can 
further be seen that the individual variation is considerably less 
than the one distinguishing adult men and women. For men it 
is 11.3 + 0.53 chews, and for women 7.7 ±0.35 chews. This actually 
means that an individual can vary to a certain extent in his 
chewing from one time to another. Compared with the great 
variation characterizing the population, however, the individual 
variation may be termed small. There is, incidentally, a minor 
difference between men and women, which is statistically signi- 
ficant. It amounts to 3 .g ± O.ci. 

To get a more definitive idea of the relation between the total 
variation and the variation in the course of individual mastica- 
tion, we make a division according to G. Dahlberg (1926), using 

the formula a t = ]/" a,- 2 -f- o p 2 where o t = the total standard 
deviation, ~ the individual standard deviation obtained from 
differences between two tests, and a p = the interindividual stan- 
dard deviation which is to be calculated. We then find that the 
variability that remains after subtracting the individual varia- 
tion amounts to 26. i ± 1.? for men, and to 22.i + l..i for women. 
This implies that the great variation in the number of chews which 
is found in a population is in very small measure conditioned by 
the individual way of chewing a different number of times on dif- 
ferent occasions. It is conditioned in considerable measure by dif- 
ferent chewing tendencies in different persons. In other words, 
we are fully justified in talking of quite firm chewing habits; 
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the difference between different individuals as regards this is 
very great — perhaps greater than might beforehand be. expected. 

It now remains to compare the variation in the whole popula- 
tion with the variation distinguishing the different teeth groups. 
A comparison for men (Table 40) and women (Table 41) shows 
<r 0 od agreement between the standard deviation for the lumped 
together material and that for the different teeth groups. There 
are no statistically significant differences anywhere. This agrees 
with what was advanced by way of introduction — namely, that 
if the number of chews is determined by personal habits, the same 
variation should be obtained when persons are investigated with 
sets of teeth of a certain type, as when material is investigated 
with sets of teeth of varying types. If the number of chews was 
influenced by the degree to which the mouthful is reduced, tests 
should reveal greater variability in a population composed of 
persons with sets of teeth of very varying type than in a narrow 
class of persons with similar sets of teeth. 

By way of summary it may be said that a statistical treatment 
of the material has showed there to be fixed habits as to the 
number of times a mouthful is chewed, which habits are admit- 
tedly influenced by great differences of consistency in different 
food substances, but are not noticeably affected, by deteriora- 
tion in the set of teeth brought about by partial or total losses. 
The mastication habits do not seem to be fully formed by the age 
of 7, but they remain stable at any rate from 13 up to a con- 
siderable age. Differences can be found between men and wo- 
men, but they are very small ones. An individual varies some- 
what in his chewing, but this variability is small compared 
with the one conditioned by the dissimilarity between the mem- 
bers of a population. Here, one person may be content with a 
few chews before he is ready to swallow, while another chews 
extremely carefully and for a long time before he has finished 
with his mouthful. Finally, it has been found that the variation 
in the number of chews between people with sets of teeth of the 
same type, is as great as the variation in the total population, 
where the sets of teeth also vary to a high degree. 



Chapter 13. 


The average reduction of the test portion in persons of 
different age and sex, and with different sets of teeth. 

After having investigated the number of times persons with 
complete and with more or less defective sets of teeth chew the 
standardized test portion, it remains to attempt an analysis of 
the effect of the chewing. It is then of primary interest to try 
and get, by- means of mastication coefficients, an idea of the 
average masticatory effectivit-y in groups of persons with dif- 
ferent sets of teeth. 

In an account of the masticatoiy effectivity, it would be natural 
to begin with children and then pass on to adult and old persons. 
Earlier in this work, the author has dealt with' adult men and 
women first, as these groups are relatively large and can be 
regarded • as representative. In other words, they constitute a 
suitable starting-point for a comparison with children and old 
people. In the following account, therefore, the investigation 
material will be treated in the same order. 

The mastication coefficient suggested in this work is based 
on the assumption that the irregularly shaped particles corres- 
pond to regular polyhedrons. It is true that, on special investiga- 
tion, the assumptions made have proved fairly correct, but as 
there is nevertheless a certain element of uncertainty in the con- 
ditions on which calculations of the mastication coefficient are 
based, tables of the distribution of the fractions are given in the 
first place. 

Mastication effect in adult men and women. 

Figures of the average distribution of the fractions in adult 
men with extremely good, good, bad and extremely bad sets of 
teeth are given in Table 48. The values give the size of the frac- 
tions obtained in chewing till the mouthful feels ready to swallow. 
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TABLE 48. . , 

Average distribution of the. fractions in grown-up. men and women, 
divided into groups with sets of teeth in varying condition. Regarding 
class limits, see Table 17. n = number of persons. M 4z e(M) = mean rb 

standard error. 




Set of 

teeth 



Group I: 

Group II: 

Group III: 

Group IV : 


extremely good 

good 

bad 

extremely bad 


M ± e(M) 

M ± e(M) 

M ± e(M) 

M± s(M) 



M e n 



1 . 

2.13 + 0.19 

0.92 + 0.07 

0.59 4- 0.05 

0.61 4- 0.06 

2 

4.03 + 0.2G 

2.15 + 0.1C 

1.33 4- 0.10 

1.24 4- 0.11 

3 

4.44 Jr 0.19 

3.18 + 0.19 

2.2G 4- 0.15 

1.98 + 0.14 

4 

65.54 + 3.10 

63.35 + 3.25 

51. 0G 4- 3.38 

42.75 4- 2.67 

•5 

28.00 + 1.35 

35.40 + 1.3G 

33.43 4- 1.42 

29.15 4- 1.41 

6 

11.52 + 0.82 

18 23 + 0.80 

20.22 4- 0.97 

20.09 4- 0.98 

7 

5.43 + 0.57 

8.65 + 0.59 

11.39 4- 0.60 

12.25 4- 0.67 

8 

2.32 ± 0.33 

4.85 + 0.48 

6.14 4* 0.47 

5.96 4- 0.41 

9 

1.11 + 0.18 

1.98 + 0.24 

2.57 4- 0.31 

2.82 4- 0.26 

■ 10 

0.79 + 0.22 

1.55 + 0.2G 

1.75 4" 0.31 

' 2.71 4- 0.40 

' 

?i = 63 

n = 60 

n — 51 

n — 55 



W omen 

. 


1 

2.15 + 0.13 

1.31 4-0.09 

0.88 4* 0.09 

0.74 4- 0.06 

2 

3.74 + 0.1G 

2.5G 4- 0.14 

1.81 4* 0.15 

1.47 4- 0.10 

3 

4.03 + 0.11 

3.28 4- 0.14 

2.59 4- 0.14 

2.25 4- 0.12 

4 

61.87 + 2.13 

56. 4G 4- 2.01 

48.7G 4- 2.52 

46.62 4- 2.33. 

. 5 

29.3G + 1.25 

30.68 4- 0.94 

31.72 4- 1.32 

34.48 4- 1.38 

6 

11.41 + 0.58 

14.30 4- 0.58 

16.38 4- 0.68 

18.60 4- 0.78 

7 

5.72 4~ 0.45 

7.59 4- 0.41 

9.50 4- 0.62 

9.22 4- 0.45 

8 

2.39 + 0.30 

3.55 4- 0.32 ' 

4.96 4- 0.45 

4.92 4- 0.39 

9 

1.02 + 0.1G 

1.78 4- 0.20 

2.32 4- 0.29 

2.10 4- 0,24 

10 

0.38 + 0.12 

1.51 4- 0.24 

1.88 4- 0.28 

2 12 4- 0.29 


n = 61 

n= 76 

n = 50 

n = 50 


Tlie tables show that, the number of particles in the fractions-, 
increases throughout from the coarse strainers to the finer ones. 
In good sets of teeth, the average number in a fraction with 
strainerholes of 10 mm. in diameter amounts to O.s, and with 
holes of 1 mm. in diameter it is 1161. In extremely bad sets of 
teeth, the average number of particles in the same fractions is 
2.7 and 327. (The number of particles in the finest fractions -is 
calculated from standard values for the sedimented volume.) In 
a comparison of the distribution of the fractions in sets of teeth 
of varying natures, we find that the number of particles in the 
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fraction with holes of 5 min. in diameter keeps fairly constant at 
something over 30 (29 — 35 particles). In the fractions in the 
strainers above No. 5 (coarser fractions), the average number 
of particles increases as the sets of teeth get worse. The opposite 
is the ease in the finer fractions on strainers underneath No. 5. 

Table 48 also g-ives figures of the average distribution of the 
fractions for adult women. A comparison -with the average distri- 
bution of the fractions for adult men shows fairly good agreement 
of the values for the number of particles and sedimented volume. 
In extremely good sets of teeth, the average number of particles 
in a fraction with strainer-holes of 10 mm. in diameter is 0.4, and 
where the holes are 1 mm. in diameter, 1176. In extremely bad sets 
of teeth, the average number in the same fractions is 2.i and 381. 
In women, too, the number of particles when the diameter of the 
holes is 5 mm. keeps round about 30 (29 — 34). 

As the test portion is divided into 10 -fractions in strainers 
■with holes from 1 — 10 mm. in diameter, the difference in the 
size of the particles in neighbouring fractions will be small. 
Irregular particles, with different diameters in different, planes, 
may therefore to a certain extent just happen to land up in a 
strainer above or below the one where they actually belong. Spe- 
cial experiments have been made with re-straining of previously; 
strained portions, where the fractions were stained red and hire 
alternately. After re-straining, the fractions were found contai- 
ning- a slight proportion of particles of the other colour. We 
have therefore to take into consideration that, statistically speak- 
ing, the values for the different fractions should have notircon- 
siderable standard errors; this can also bee seen from the stan- 
dard errors, given in the tables, which are calculated fi om the 
distribution. However, we also liave to reckon with a correlation 
between the differences between neighbouring strainers) in that, 
if by chance the number of particles on a certain strainer is 
small, this is due to their happening either to remain to a parti- 
cularly large extent in the preceding strainer, or to pats through 
into the following- one. A low value obtained by chanda is there- 
fore negatively correlated with the values in surrounding strai- 
ners. The impression of an element of uncertainty gjven by the 
standai’d errors in the separate fractions, is therefore somewhat 
misleading in so far as, if it is possible to reach a uniform expres- 
sion for the degree of reduction for the entire test portion, the 
standard error of this value should be considerably smaller than 
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that of the separate fractions would seem to suggest. It is, 
further, difficult to reach some idea of the degree of reduction 
from the varying values for the diffei-ent fractions. It is neces- 
sary in a comparison to keep in mind ten pairs of values. This, 
as has been said before, is one of the author’s motives in working 
out a mastication coefficient, which has the advantage both of 
giving a simple expression for the degree of reduction, which 
considerably facilitates comparison, and also of making it possible 
to calculate standard errors that correctly express the circum- 
stances, without having laboriously to calculate correlations bet- 
ween the standard errors of the different fractions, and try to 
make these into one. To make it possible to assess the reduction 
of the test portion and to compare the effect of mastication in 
different sets of teeth, mastication coefficients have been cal- 
culated from the mean values of the sizes of the fractions. Table 
9 gives the values of surface and volume, and also of surface 
per volume unit, calculated from the mean values for the num- 
ber of particles and the sedimented volume for adult men and 
women with extremely good, good, bad and extremely bad sets 
of teeth. 

As has been said before, the table shows the calculated volume 
to agree fairly well with the known volume of the test portion. 
The standard deviation amounts to about 10 per cent. With the 
help of the values for the calculated surface and volume, it is 
possible to express the results in the following way. The values 
for the mastication coefficient show particles in a test with 
extremely good sets of teeth to have an average surface of 239 
sq. cm., in good ones, 184 sq. cm., in bad ones, 163 sq. cm., and 
in extremely bad ones, 157 sq. cm. A calculation further shows 
that, in extremely good sets of teeth, the surface of a test portion 
is on an average increased by 11 times its original dimensions, 
in good sets by 8 times, in bad sets by 7 times, and in extremely 
bad sets by 6.s times. The results are rather astonishing. The author 
has at any rate been surprised to find, on the one hand, that 
chewing the test portion gives such high values for its surface, 
and, on the other, so small a difference in surface between clie- . 
wing in good, bad, and extremely bad sets of teeth, while extre- 
mely good sets, on the contrary, deviate considerably. The dif- 
ferences computed for 1 c. cm. of the test portion are 5.5 sq. cm. 
between extremely good and good sets of teeth, 2.i sq. cm. between 
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TABLE 49. 

Means of individual mastication coefficients in grown-up men and women, 
divided into groups with sets of teeth in varying condition. Regarding 
class limits, see Table 17. n — number of persons, 
ilf ± e(M) = mean ± standard error. 


Set of teeth 

Men 

Women 

1! 


n 

M±s{M) 

Group I: extremelv good 

63 

24.48 ± 0.89 

(51 

24-. 33 0.G1 

» II: good 

GO 

18.2G ± 0.47 

76 

20.22 ± 0.4G 

» III: bad 

f)l 

1(5.43 ;fc 0.39 

50 

17.82 ± 0.53 

» IV : extremely bad 


15.77 ± 0.45 

50 

1 i .10 ^ 0.37 

» I— IV: 

229 

IS. 97 ± 0.38 

237 

20.13 ± 0.31 


good and bad sets, and O.o sq. cm. between bad and extremely 
bad sets. 

The values for the mastication coefficient that have hitherto 
been discussed are based on a calculation of the means for frac- 
tions with the help of the formulas for volume and surface given 
in the method. More exact values are obtained, however, if the 
mastication coefficient, for each individual is calculated and the 
series thus obtained used to compute the means for the different 
sets. As it is possible when carrying out these calculations to 
get standard errors for the means, and also figures for the stan- 
dard deviation and the variation coefficient, the rest of the tables 
will show exclusively figures calculated on the individual values. 

The means for adult men and women, calculated from the 
individual mastication coefficients, are given in Table 49. 

We find good agreement between the values in the table and 
the mastication coefficient values obtained by a calculating of the 
means for the fractions (cf. Table 9). But we cannot expect to 
find them agreeing completely. We have to reckon with chance 
deviations, as well as systematic deviations due to correlations 
between volume and surface in separate individuals. As a com- 
parison between the mastication coefficients calculated in diffe- 
rent ways shows, these deviations are nevertheless small, and 
lie within the limits for the standard error. 

lhe figures also show that there are statistically significant 
differences between the mastication coefficients for the groups 
of extremely good, good and bad sets of teeth. The difference 
between the first two for adult men is considerable, amounting to 
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about a quarter, (6.22 + I.01), of the reduction in extremely good 
sets. Between good and bad sets, the difference drops to a tenth of 
the portion’s surface in good sets, and between bad and extremely 
bad sets, finally, the difference is negligible, namely O.ce + O.og. 

The figures for adult men seem to show that the difference 
between the sets of teeth becomes smaller, the more defective the 
set. A comparison between the values for the average mastica- 
tion coefficients for adult men and women shows excellent agree- 
ment in a good set; the coefficients in other groups, 011 the other 
hand, show higher values for women than for men throughout. 
The differences are not statistically significant, however. For 
adult women, too, we find the differences successively diminish- 
ing, the worse the set of teeth becomes, though there is less dif- 
ference between extremely good and good sets, and more between 
good and bad sets, than in adult men. 

The differences thus seem to imply that, with the class division 
used by the author, there is a distinct difference in masticatory 
effeetivity between good sets of teeth on the one hand, and more 
defective sets on the other. This is supported by the fact that 
the differences between tbe variously good sets are similar in 
both men and women. It is impossible to say definitely, on tbe 
strength of the figures communicated, that the size of the dif- 
ferences is not conditioned by chance to a certain extent, since 
their standard errors are great. It may, of course, be chance 
that the difference between extremely good and good sets of 
teeth has become particularly large in men, nor does the smaller 
difference for women argue against this possibility. As will be 
shown later, the same distribution of the magnitude of the dif- 
ferences is not found in older persons. 

As, on account of the means and the standard errors for the 
coefficients, we cannot definitively assess the successive decrease 
of the differences between the different sets of teeth, we shall 
briefly discuss the differences between the classes when divided 
according to the condition of tbe teeth, to see whether we can 
find any pointer here. Statistical viewpoints have decided this 
division, the class limits being so chosen that approximately the 
same number of individuals was contained in each. The mean 
values of the points for pairs of teeth in occlusion in the 
different sets are given in Chapter 11 . The figures in Table 17 
show that for men the difference in points between the average 
for extremely good and good sets is 5.37, between good and bad 
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sets. 3.^5, and between bad and extremely bad sets, 4.i?. This 
shows that there is a relatively smaller difference in the number 
of points between good and bad sets of teeth, while, the differences 
between the other classes are larger. The class limits used, then, 
can scarcely explain the successive diminution in the differences 
between the masticatory effectivity in the different groups. It 
has not yet been proved beyond dispute, however, that the dif- 
ferences actually do take such a course, and the question must 
be left open for the time being. 

If we now compare the number of points and the mastication 
coefficient values in the extreme teeth groups, we find, that, for 
adult men, the number of points sinks from, on an average, 
18.54 to 4 . 95 , and for women from 17 . S 7 to 5.06. Thus, the extre- 
mely bad set of teeth proves to have 26.7 per cent of the good 
set’s occlusion contacts in men. For women the corresponding 
figure is 28.3 per cent. The corresponding figure for the occ- 
lusal surface is 35.7 per cent for men and 35.2 per cent for women. 
A corresponding calculation, made on the mastication coefficients 
for the different sets of teeth in adult men, shows that the extre- 
mely bad set has 64 ..| per cent of the effect in a good set. 
For adult women the figure is 70.5 per cent. Thus we can see 
that there is apparent lack of proportion between the deteriora- 
tion, on the one hand of the set of teeth, and on the other of 
the masticatory effectivity. 

The successively decreasing masticatory effectivity in defec- 
tive sets of teeth, which thus is not directly proportionate to 
their deterioration, might, perhaps, be attributed to a compen- 
satory increase in the number of chews. It has been shown 
earlier on, however, that this is not the case. The possibility 
then remains of explaining the decrease by ascribing the rela- 
tively good masticatory effect in defective sets of teeth to a 
certain extent to compensation through more skilful management 
of the mouthful. Especially might it be suspected that incisors 
are used more extensively when the grinding teeth are bad. 


Mastication effect in old men and women. 

It is now of interest to investigate the masticatory effectivity 
in older men and women. The means for computed individual 
mastication coefficients are given in ^able 50. 

A comparison of the figures in the table with those for adult 
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TABLE 50. 

Means of individual mastication coefficients in older men and women, 
divided into groups with sets of teeth in varying condition. Regarding 
class limits, see Table 17. n = number of persons. 

M ± e(M) = mean ^ standard error. 


Set of teeth 

' Men 

Women 

n 

M±e(M) 

n 

M±s(M) 

Group I: extreme] v good 

15 

36.05 ± 1.79 

10 

28.70 ± 2.81 

5 II: good 

24 

28.10 ± 2.15 

17 

24.06 ± 1-18 

» III: bad 

19 

26.19 ± 2.39 

12 

21.41 ± 1-52 

3 IV : extremely bad 

43 

20.92 ± 0.80 

11 

18.48 ± 1.G2 


men shows the masticatory effectivity for the older men investiga- 
ted to be remarkably high, and the coefficients in extremely 
good, good and even bad sets of teeth are higher than the cor- 
responding values for adult men. The differences between older 
and younger adult men are statistically significant and amount to 
11.57 ±2.oo in extremely good sets of teeth, and 5.i5±0.92 in 
extremely bad ones. 

The good masticatory results are not, however, due to the 
older men chewing a larger number of times. It has earlier on 
been shown that this is not so (cf. Chapter 12). In trying to 
explain these good results, an important circumstance may be 
that the older men investigated had abraded teeth to a very large 
extent. All abrasion was recorded at the investigation. In so 
doing, two degrees were differentiated: distinct abrasion, where 
the cusps were plainly worn down without, however, the tooth 
surface being completely plane, and pronounced abrasion, when 
the tooth surface was plane and the height of the tooth somewhat 
decreased from being worn away. Further details of the distri- 
bution for these different classes are not likely to be of interest; 
the author contents himself with the statement that, with extre- 
mely good sets of teeth distinct or pronounced abrasion is found 
in 100 per cent of the eases, with good sets in 83 per cent, 
with bad sets in 68 per cent, and with extremely bad sets in 73 
per cent. We might now think that the abrasion of the tooth 
surfaces might explain the good masticatory results, since the 
abrasion means that such pairs of teeth as exist are ground down 
to match one another. In comparing the values for the occlusion 
surface between younger adult and older men (cf. Tables 18 and 
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26 in Chapter 11), also, we find that the average difference 
in a good set of teeth is 96.4±27.o sq. mm. — a considerable 
difference. 

Here, too, we find a lack of agreement between the deteriora- 
tion of the set of teeth on the one hand, and the decrease in 
the masticatory effectivity on the other. A calculation shows that 
the extremely bad set of teeth has 77.5 per cent of the extremely 
good set’s lower occlusion contacts, while its mastication coefficient, 
on the other hand, is 42 per cent lower than that of the extremely 
good set. The per cent figures tally fairly well with the figures 
for adult men and women, a fact which certainly goes towards 
endorsing the results. 

Table 50 shows, further, that in a comparison between the 
figures for older and younger adult women, the former show 
higher mastication coefficients for the different sets of teeth. 
The differences are, however, small, and not statistically signifi- 
cant. Between older and younger adult women, the difference 
in extremely good sets of teeth is 4.37±2.9i. We also find that, 
for older women, there is no statistically significant difference 
between the different groups. The greatest difference is between 
extremely good and good ones (4.6i±3.2o), and this is not sta- 
tistically significant. The number of older women investigated 
is small, however, and the standard errors for the different 
groups of teeth are consequently great. On account of this the 
size of the difference is very subject to chance, which means 
that the different groups can lead us to no definitive conclusions. 
All the same, the difference between an extremely good set of 
teeth and an extremely bad one is statistically significant, and 
amounts to 10. 22 + 3.27. 


Mastication effect in children. 

It now remains to investigate the masticatory effectivity in 
children. Table 51 gives the means for the calculated individual 
mastication coefficient for 7-year-old and 13-year-old girls 
and boys. The differences between the different teeth groups 
are, as in adult men and women, statistically significant. 

The values for the mastication coefficient for 13-year-old girls 
and boys are higher than for 7-year-olds and adults. The dif- 
ferences are small, however, and the difference in good sets of 
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TABLE 51. 

Means of individual mastication coefficients in seven-year-old and thirteen- 
year-old children, divided into groups with sets of teeth in varying 
condition. Regarding class limits, see Tables 32 and 36. n= number 
of persons. M + s(M)= mean ^ standard error. 


Set of teeth 

n 

M±e(M) 

Seven-year-old children 


Group I: extremely good 

8 

22.25 

» II: good 

29 

20.77 0.77 

» III: bad 

35 

16.59 db 0.50 

> IV: extremely bad 

28 

15.13 + 0.45 

Thirteen-year-old children 

Group I a : perfect 

18 

26. 2S + 1.42 

n lb: verv good 

3G 

25.05 + 0.80 

» II : good 

37 

22.15 + 0.03 

III: had 

9 

19.59 


teeth not statistically significant. The difference between 13-year- 
olds and 7-year-olds is 1.38 + 0.99. 

A calculation of the difference in number of contacts between 
extremely good and extremely bad sets of teeth shows a deteriora- 
tion of the set by G5.2 per cent for 7 -year-olds, and by 49.7 per 
cent for 13-year-okls. A calculation of the difference in the mas- 
ticatory effectivitv from extremely good to bad sets yields 32.o 
for 7-year-olds, and 25.-, for the others. 

We find in children, as in the groups investigated earlier, a 
difference between good and bad sets of teeth as regards the 
mastication coefficient, which, in relation to the difference in 
the set in respect of grinder contacts, is comparatively small. 

When comparing the mastication coefficient for children with 
the one for adults it must be remembered that for children a 
smaller test portion has been used than for adults. In 15 adults, 
special tests have been made. Each subject has been tested with 
the larger (lO.r, c. cm.) and the smaller (7..i c. cm.) test portion. 
When this first was done the persons were told to chew 60 times. 
The mean of the differences between the mastication coefficients 
was found to be 3.oi±0.52. In other words, there was a significant 
difference, the mastication coefficient being higher for the smaller 
test portion. It should be remembered that, when the test portion 
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is larger, tile number of chews increases. 'Possibly, this increase 
causes the difference to disappear. Therefore, the same tests has 
been made on the 15 persons, when they were allowed to cheAv 
until they felt ready to swallow. In this ease the mean of the 
differences was O.39 ± O.55. The small increase in the mastication 
coefficient was not significant, and in fact, the agreement may 
be said to be good. Of course a small significant difference may 
be found in a larger material, but, in any ease for the test used, 
the difference because of the size of the test portions cannot be 
very important. Therefore, we may compare the mastication 
coefficients for children and adults. 

The figures show that the values for the mastication coefficient 
for 7-year-old children agree fairly well with those for younger 
adult women and men alike. Only for extremely bad sets of 
teeth a significant difference was found when comparing with 
women. (Difference 2.03 ±0. 5 s.) In regard to 13-year-old children 
a significant difference was found for good sets of teeth in 
comparison with men ; the difference was 3.89 ± O.79. In comparison 
with women no significant difference was found. Anyhow there 
seem to be no very important differences between children and 
adults. 

Summing up, then, it may be said that an investigation of the 
masticatory effectivity with the help of the mastication coef- 
ficient has showed clear average differences between adult men 
and women in groups with varying sets of teeth. Similar dif- 
ferences have also been found in older men and women, and in 
children. Nevertheless, the difference in the masticatory effecti- 
vity seems throughout to be less than might be expected in the 
light of the different nature of the sets and the total occlusal 
surface. This is not due to the fact that defects in the sets are 
compensated by an increased number of chews, and the most 
plausible assumption is, that a certain compensation is achieved 
by a more skilful manoeuvring of the mouthful to the contacts that 
are left, and that incisors are used to a certain extent. It must 
be remembered that even in extremely bad sets of teeth the 
incisors are still in a comparatively good condition. (Possibly, 
the clieAving is done harder, too.) It is furthermore striking that 
children and adults, AAdiose sets of teeth have the same character, 
have about the same average masticatory effectmty, whereas 
old people in the same classes have a greater effectivity, and thus 
higher mastication coefficients. (It has been possible to shoAv 
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this for older men. The material for older women has been too small 
to give statistically significant differences.) The most plausible 
explanation is that, on account of abrasion, the older people often 
have an occlusal surface which is more effective for the test 
material used. 



Chapter 14. 


The variation in reduction of test portions, and 

its causes. 

To throw further light on the masticatory effectivity in dif- 
ferent sets of teeth, we shall now investigate the variation. Table 
52 gives the figures for standard deviation and variation coef- 
ficients computed from the mastication coefficients for different 
teeth groups among children, adults, and older persons. 

If, as was done earlier on in the discussion of the average 
mastication coefficient, we now begin by investigating the varia- 
tion for adults, we find it getting less from extremely good to 
extremely bad sets of teeth in both younger adult men and wo- 
men. The differences between the extreme groups are statistically 
significant for both sexes. The figures in the table show that, 
for women, the difference for the standard deviation values bet- 
ween neighbouring groups is not statistically significant, apart 
from that between good and extremely bad sets of teeth 
(difference I.40 + O.42). For men, we find a statistically signi- 
ficant difference between extremely good and good sets of teeth 
(difference 3.39 ± 0 . 71 ), but not in other groups. 

Given that the range of variation for the mastication coef- 
ficient slightly decreases as the set of teeth gets worse, we might 
expect the variation coefficient — i. e. the standard deviation 
expressed in per cent of the appertaining mean — to keep 
more constant, since the mean for the mastication coefficients also 
decreases. There is, as a matter of fact, a tendency in this direc- 
tion. All the same, there is a statistically significant difference 
in men between group I and group III, and a statistically pro- 
bable one between groups I and II; otherwise, however, there are 
no certain differences between the variation coefficients in adult 
men and women. The two figure series for men and women 
might possibly suggest a tendency towards a falling coefficient, 
which would imply that the range of variation decreased relati- 
vely more than the means for the mastication coefficients; a lar- 



TABLE 52. 

Standard deviation and variation coefficient of the mastication coefficient. 
Grown-up men and women, older men and women, and seven-year-old and 
thirteen-year-old children, divided into groups with sets of teeth in 
■different condition. n — number of persons, a + r(o) = standard deviation 
+ standard error. V + e(F) = variation coefficient + standard error. 


Set of teeth 

n 

a + e(a) 

Y± e(F) 


Grown-up 

men 


Group I • extremely good 

63 

7.04 + 0.G3 

28.8 + 2.8 

5 II: good 

GO 

3.65 + 0.33 

20.0 + 1.9 

» HI: bad 

51 

2.79 + 0.28 

16.9 + 1.7 

5 IV: extremely bad 

oo 

3.31 + 0.32 

21.0 ± 2.1 

Groups I — IV: 

229 

5.82 + 0.27 

30.7 + 1.6 

Grown-up women 


Group I: extremely good 

61 

4.79 + 0.43 

19.7 + 1.9 

3 II: good 

76 

4.02 + 0.33 

19.9 + 1.7 

3 III: bad 

50 

3.74 + 0.37 

21.0 + 2.2 

s IV: extremely bad 

50 

2.62 + 0.26 

15.3 ±1.6 

Groups I — IV: 

237 

4.80 + 0.22 

23.8 ± 1.2 


Older men 


Group I: extremely good 

15 

6.94 + 1 .27 

1 9.2 + 3.6 

3 II: good 

24 

10.52 + 1.52 

37.0 + 6.0 

3 III: bad 

19 

10.43 + 1.69 

39.8 + 7.4 

3 IV: extremely bad 

43 

5.26 ± 0.57 

25.2 ± 2.9 

Groups I — IV : 

101 

9.49 + 0.67 

36.6 ± 2.9 


Older women 


Group I: extremely good 

10 

9.00 + 2.01 

31.3 ± 7.7 

3 II: good 

17 

6.10 + 1.05 

25.3 + 4.6 

3 III: bad 

12 

5.25 + 1.07 

24.5 + 5.3 

3 IV: extremely bad 

11 

5.37 + 1.14 

29.1 ± 6.7 

Groups I — IV: 

50 

7.09 + 0.71 

30.6 ± 3.3 

Seven-year-old 

children 


Group I: extremely good 

8 

— 

— 

3 II: good 

29 

4.13 + 0.54 

19.9 + 2.7 

» III: bad 

’ 35 

2.97 + 0.35 

17.9 + 2.2 

3 IV: extremely bad 

28 

2.38 + 0.32 

15.7 ± 2.2 

Groups I — IV: 

100 

5.06 + 0.36 

21.3 ± 1.6 

Thirteen-year-old children 


Group la: perfect 

18 

6.03 + 1.01 

22.9 + 4.0 

3 lb: very good 

36 

4.82 + 0.57 

19.2 ± 2.4 

3 II: good 

37 

3.86 + 0.45 

17.4 ± 2.1 

3 III: bad 

9 

— 

— 

Groups I — III: 

100 

4.24 + 0.30 

23.7 + 1.8 
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ger material is needed before snch a tendency can be established, 
however. 

Tn the total material the variation coefficient for adult men 
is 30.7 ± 3.n per cent, and for adult women 23.K±l.e per cent. 
For older men and women the coefficient is about, G per cent 
higher than for the younger groups, and for children about the 
same as for adult women. Our next concern is to get. some idea 
of why we obtain such varying values. Obviously, a fundamental 
reason must be that people chew different numbers of times. 
It. has been shown earlier on that there is great variability in 
this respect ; people chew their food for different lengths of time, 
and with different degrees of conscientiousness. Some people 
are content with a few chews, others take many. There is, further, 
a variability in so far as one person does not always chew in 
exactly the same way; but, as has already been shown, this varia- 
bility is not very great-. 

Another obvious reason for variation is that the sets of teeth 
in a group vary somewhat in character. This tendency has been 
illustrated in more detail previously (Chapter 31). AVe have 
not been able to compare more homogeneous sets, as the material 
in the different classes would then have been very small. 

A minor source of variability is that the method used to reach 
the mastication coefficient by means of straining is not absolutely 
exact, but has a standard error. The variation due to error of 
measurement is very slight, however. It is, of course, possible 
to discuss a number of other factors that certainly have some 
small importance, e. g. there is no doubt that a varying degree 
of abrasion plays a part, above all in older persons. Other 
examples are different -sized teeth in different individuals, which 
give a varvinglv effective occlusal surface and, further, a more, 
or less, satisfactory occlusion. Of course anatomical differences 
of various kinds must be of importance, and especially it must 
be remembered that people with malocclusion are included in 
the material. Later on we shall be paying particular attention 
to this group, but we will say here and now that individuals 
with pronounced malocclusion are far too few to play any very 
great part. Finally, there is the possibility of varying degrees 
of skill, in particular on the part of persons with defective sets 
of teeth, in manoeuvring the mouthful to those places with the 
best mastication effect; we can also reckon with some people 
chewing harder than others. 
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If we look at tlie figures showing the standard deviation for 
older men, we find small but significant differences between 
extremely had sets of teeth on the one hand, and good and had 
sets on the other. The group with extremely good sets of teeth 
comprises few individuals only, so that no difference between it and 
other groups can be established. The material for older men is, 
on the whole, not as lai'ge as for adult men, and we are therefore 
not surprised at being unable to make out a definite trend in 
the figures. The material for older women is still smaller, so 
that it is natural that we should not find significant differences 
or definite tendencies here, either. If we look at the variation 
coefficients, we find no significant differences anywhere. 

A comparison with adult men shows greater range of varia- 
tion in older men, however, and greater variation coefficients. 
Nevertheless, differences can be proved only in certain groups, 
namely those for old men with bad and extremely bad sets of 
teeth. For good sets, the difference is probable. It is true that, 
for the old women, we get throughout higher figures than for the 
younger ones; but the groups are too small to give significant 
differences. As has already been mentioned, the total groups have 
significant differences between the age groups for both men and 
women (3.07 ± O.72 for men, 2.29 ± O.71 for women). 

If we then look at the children, we find no statistically signi- 
ficant differences between the groups for the 13-year-olds. The 
figures do have a tendency to a diminishing range of variation, 
which also seems reflected in the variation coefficients, without, 
however, the difference being significant here. In the 7-year- 
olds, Ave find practically significant differences between good 
and extremely bad sets of teeth (difference 1.75±0.g3), and a 
shift in the variation coefficients toAvards loAver values in more 
defective sets, Avhieli, hoAvever, is not statistically significant but 
may conceivably haA r e arisen at random. 

If, finally, Ave compare the variability in children Avith that 
in adults, Ave find no striking difference. The difference be- 
tween 13-year-olds and adult men is neA r ertheless significant 
(l.ns + O.-io). 

Summing up Avith regard to the A T a inability in masticatory 
effectfvity, avc may say that this is by no means inconsiderable 
in groups Avith more or less similar sets of teeth, and that the 
variation coefficient keeps, on the Avhole, betAA r een 20 and 30 per 
cent, being apparently someAvhat larger in good sets, and some- 
Avliat loAver in bad ones. 
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TABLE 53. 

Mastication coefficients in tests with 20 chews and 40 chews respectively. 
Grown-up men and women, divided into groups with sets of teeth in 
different condition, n — number of persons. M + e(M)= mean + standard 
error, a — standard deviation. 


Set of teeth 

n 

20 chew 

'S 

40 chews 

M + r.(M) 

a 

M ± s(ilf) 

a 

Group I: extremelv good 

63 

Men 

16.30 + 0.52 

4.17 

20.28 + 0.45 

3.55 

» 11 : good 

60 

14.01 + 0.31 

2.38 

17.33 + 0.41 

3.14 

» III: bad 

51 

12.05 + 0.23 

1 .GO 

14.85 + 0.27 

1.95 

j IV : extremely bad 

55 

12.08 + 0.21 

1.50 

14.45 ± 0.31 

2.27 

Group I: extremelv good 

61 

Women 

17.08 + 0.31 

2.42 

22.25 + 0.47 

3.G7 

» IT: good 

76 

14.79 + 0.28 

2.40 

18.04 + 0.34 

2.95 

» III: bad 

50 

13.72 + 0.28 

1.90 

16.50 + 0.3G 

2.57 

» IV: extremely bad 

50 

13.20 ± 0.27 

1.93 

15.43 ± 0.30 

2.11 


Mastication coefficient and number of chews. 

To see what significance there is in the fact that a person 
does not always chew the same number of times, a comparison 
has been made between persons who have chewed exactly 20 and 
40 times respectively. First of all, we give in Table 53 the mean 
values for the mastication coefficients in such comparisons 
between adult men and women. 

The figures in the table show that, as expected, the mastication 
coefficient in both 20 and 40 chews gets less as the set of teeth 
gets worse. (The differences between extremely good and good 
sets, and between good and bad sets, are significant both for men 
and for Avomen, but for neither is this the case in regard to the dif- 
ference between bad and extremely bad sets.) A comparison of the 
mastication effect between men and Avomen sIioavs that AA T omen 
possibly have higher values for the mastication coefficient, both 
in 20 and in 40 clieAvs, although the differences are not signi- 
ficant, except for the groups of good sets and bad sets Avith 40 
clieAA-s. Finally, the table slums that the variability decreases 
from good to bad sets of teeth to possibly a higher degree in 
men than in Avomen. 
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TABLE 54. 

Means of differences between mastication coefficients in tests with 20 
chews and 40 chews respectively. Grown-up men and women, divided 
into groups with sets of teeth in different condition. n = number of 
persons, -j- means that the mastication coefficient in tests with 40 chews 
is greater than the mastication coefficient in tests with 20 chews. 


Set of teeth 

Men 

Women 

n 

M ± e{M) 

n 

M±s{M) 

Group I: extremelv good 

63 

-f- 3.9S + 0.54 

61 

-f- 5.17 + 0.27 

5 II: good 

60 

4- 3.32 + 0.31 

76 

+ 3.SG + 0.21 

5 III: had 

51 

-4- 2.20 + 0.23 

50 

4 - 2.84 + 0.23 

5 IV: extremely had 

55 

-f- 2.3S + 0.24 

50 

+ 2.23 + 0.22 


Meanwhile, it is of special interest that the masticatory effect 
considerably increases when the number of chews is raised from 
20 to 40. The increase seems to be as large for men as for women. 
To investigate more closely the difference in masticatory effect 
between 20 and 40 chews, figures are given in Table 54 of dif- 
ferences calculated on the individual values for mastication 
coefficients (thus, they have not been obtained from the mastica- 
tion coefficient means in the previous table). 

We might now expect to get something approaching double the 
masticatory effect in the same teeth classes, on the increase of the 
number of chews from 20 to 40. Quite apart from the number 
of chews and the nature of the set of teeth (which in this case 
is not, of course, of any importance, as the comjiarison of the 
effect concerns the same individuals), other factors, already 
discussed, also influence the masticatory effect. It is therefore 
interesting to investigate, firstly, how great the increase is in 
the same teeth classes, and, secondly, whether the increase takes 
place to the same degree in the various sets of teeth. If we begin 
by comparing the differences in effect in variously good sets of 
teeth, we see from the figures in the table that the difference be- 
tween the mastication coefficients in 40 and 20 chews grows less 
from extremely good to extremely bad sets. The differences between 
the classes are not significant throughout, however. (For men, there 
are probable differences between groups I and III, I and 1Y, and 
II and III. Women show significant differences between all 
groups except III and IY.) To gauge the increase of the masti- 
cation effect when the number of chews rises from 20 to 40, the 
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TABLE 55. 


Mastication coefficients for grown-up men and women with extremely 
good or extremely bad sets of teeth, distributed with regard to number 
of chews, n — number of persons. M + e(M) = mean + standard error. 


Number of chews 

Men 

Women 

n 

M + e(ilf ) 

n 

M + e(M) 

Extremely good set of teeth 



Below the 1st quartile 

16 

19.9 + 1.1 

16 

21.8 + 1.3 

Between the 1st quartile and the median 

16 

22.2 + 1.3 

15 

24.0 + 1.3 

Between the median and the 3rd quartile 

16 

26.1 + 1.4 

15 

25.5 +1.3 

Above the 3rd quartile 

15 

30.1 + 2.2 

15 

26.1 ± 0.9 

Extremely bad set of teeth 



Below the 1st quartile 

15 

13.92 + 0.50 

13 

14.88 + 0.33 

Between the 1st quartile and the median 

12 

16.16 + 1.30 

12 

16.17 + 0.46 

Between the median and the 3rd quartile 

15 

16.24 + 0.80 

12 

18.10 + 0.63 

Above the 3rd quartile 

13 

16.99 + 0.85 

13 

19.51 + 0.73 


difference between the mastication coefficients for both 20 and 
40 chews has been reckoned in per cent of the mastication coef- 
ficient value at 20 chews. We then find that for men, the increase 
in extremely good and good sets of teeth amounts to about 24 
per cent, and in bad and extremely bad sets to about 20 per 
cent. The corresponding figures for women are rather more than 
30 per cent, and not quite 17 per cent, respectively. 

It would have been interesting to investigate the increase in 
masticatory effect with <a higher number of chews, e. g. 80, and 
compare this effect with the values for the mastication coefficient 
in 20 and 40 chews. Such tests have not been made, since it 
was thought that yet another test would prove rather too much 
for the subjects. All the same, a comparison can be made by 
grouping the material according to number of chews into 4 equal 
groups, and comparing the masticatory effect in low and high 
numbers of chews. 

Table 55 gives the means for mastication coefficients in 
extremely good and extremely bad sets of teeth for adult men 
and women. The material is grouped within limits, set with 
the help of medians and quartiles, for the number of chews. An 
increase is found which is admittedly not significant from the 
one group to the next, but which nevertheless persists throughout. 
If those with a high number of chews are compared with the 
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group showing a low number of chews, we find significant dif- 
ferences for both men and women, and in extremely good and bad 
sets of teeth alike. (In extremely good sets of teeth in women, 
however, the difference is only probable.) If the difference is, as 
before, expressed in per cent of the lower value for the mastication 
coefficient, we get more comparable figures, which seem larger for 
the men than for the women, in so far as men with extremely good 
sets of teeth have the highest per cent figure for the increase 
(51 ±12 per cent), and women with extremely good sets the lowest 
one (19.7 ±7.3 per cent). The inequality in the differences (which 
is not significant) is probably for the most part conditioned by 
chance, however, which, of course, transpires from the standard 
errors. In extremely bad sets of teeth, the corresponding figures 
for men are 22.i±7.i per cent, and for women 31.i±4.i per cent. 

Of further interest now is to try and get an idea of the 
proportion of the changes in mastication coefficients, due to a 
changed number of chews. We must then get an approximate 
idea of the average number of chews characterizing these groups. 
By means of a special collocation, the mean number of chews has 
been calculated in each group. Thus, for men with extremely 
good sets of teeth, the average number for the first group is 
40, for the second group 55, for the third group 74, and for the 
fourth group 107. Average coefficients corresponding to these 
values are 20, 22, 26, and 30 respectively. As has previously 
been shown, a mastication coefficient of 16 corresponds to 20 
chews. This signifies that when the number of chews increases 
about 5 times, the mastication coefficient is only increased about 
2 times. If we plot mastication coefficients against number of 
chews on a graph, we find that the changes in the mastication 
coefficient in relation to the number of chews follow a more 
or less straight line. The same investigation has been made on 
women with extremely good sets of teeth, and also for men and 
women with extremely bad sets. We find differences, which, 
however, probably lie within the limits for the standard error, 
and which imply a proportionately fainter increase of the 
mastication coefficient values in relation to the number of chews. 
All the same, the increase still follows a more or less straight 
line. Further, it is of special interest that, as pointed out above, 
the increase in the mastication coefficient is not proportionate 
to the increase in the number of chews. 

To throw further light on the connection between masticatory 

9 — Dahlberg. 
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TABLE 56. 

Cori’elation between mastication coefficients and number of cliews. Grown-up 
men and women divided into groups with sets of teeth in varying 
condition, n = number of persons, r + e(r) = correlation coefficient 

+ standard error. 


Set of teeth 

Men 

Women 

n 

r + k(i~) 

n 

r + s(r) 

Group I: extremely" good 

63 

+ 0.6G7 + 0.070 

61 

+ 0.330 + 0.114 

» II : good 

60 

-f 0.588 + 0.084 

76 

-4- 0.527 + 0.083 

» III : bad 

51 

-j- 0.550 + 0.098 

50 

-f 0.518 + 0.103 

» IV: extremely’ bad 

55 

+ 0.294 + 0.122 

50 

-j- 0.749 ± 0.0G2 

Groups I — IV : 

229 

-f- 0.429 0.054 

237 

+ 0.34G ± 0.057 


effectivity and the number of chews, correlations between the 
number of chews and the mastication coefficient have been cal- 
culated for adult men and women. Seeing that, as has been shown 
above, there is a practically straight-line connection, Bravais- 
Pearson’s correlation coefficient has been used at the calcula- 
tions. Table 56 gives the values for correlation coefficients for 
adult men and women with varying sets of teeth. Prom the 
figures in the table we can see that there is, both for men and 
for women, a definite correlation between the masticatory effec- 
tivity and the number of chews: for men r =+ O.13 + O.05, 
and for women r =+0.35 + O.06. For the former, the cor- 
relation drops from 0.67 to O.29, reckoning from extremely 
good to extremely bad sets of teeth, and for the latter, 
from — j — O.75 to -f O.33, reckoning from extremely bad to extremely 
good sets of teeth. The differences between neighbouring groups 
are not statistically significant, however, either for men or for 
women. On the other hand, the extreme groups show a signi- 
ficant difference for women, and a probable one for the men. 
If we compare the correlation between the two sexes, we find 
the values agreeing in good and bad sets of teeth. In the extreme 
groups, on the other hand, we find the correlation for women 
about half that for the men in extremely good sets of teeth, and 
about 2.5 times as large in extremely had sets. The difference 
in the former case is probable ( +0.34 + 0.13), and in the latter 
case, significant (+O.45 + O.14). 

Having now found a distinct correlation between mastication 
coefficient and number of chews, the correlation has been cal- 
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TABLE 57. 

Correlation between number of chews in two successive tests. Grown-up 
men and women with extremely good or extremely bad sets of teeth. 
n = number of persons, r + e(r) = correlation 
coefficient 4- standard error. 


Set of teeth 

Men 

Women 

n 

r + c{r) 

n 

r + e(j') 


Group I: extremely good 

63 

-j- 0.928 + 0.017 

61 

-f- 0.940 + 0.015 

5 IV: extremely bad 

55 

-j- 0.734 + 0.062 

50 

-f 0.914 + 0.028 


culatecl for men and women in the extreme groups (extremely 
good and extremely bad sets of teeth) between the number of chews 
in two consecutive tests, where the portion was chewed until it 
felt ready to swallow. Figures are given in Table 57. 

The figures in the table show the correlation between the 
number of chews in consecutive tests to be very strong. Here, 
there is excellent agreement between men and women with extre- 
mely good sets of teeth; extremely bad sets, however, show a 
px-obable difference between men and women. The strong cor- 
relation tallies with the fact, shown earlier on, that the variation 
in the number of chews is comparatively small between two tests 
coming one after the other. 

Taking this fact into account, it has been interesting to investi- 
gate how strong a correlation in mastication effect is to be 
found in two consecutive tests. Figures are given in Table 58. 

The figures show that, as expected, the correlation between 
mastication coefficients in extremely good and extremely bad 
sets of teeth is extremely high, for both men (r = 0.st± O. 03 ) 
and women (r = O .71 xO.cig). We also find, as we did from the 
values in Table 56, that the correlation seems, for men, to be 
higher in extremely good sets of teeth than in extremely bad 
ones, and for women, vice versa, though the differences are not 
significant, all the same. We also find that the correlation 
coefficient for men with extremely good teeth agrees with the 
value for women with extremely bad sets, and that the correlation 
coefficient for women with extremely good sets of teeth agrees 
with the value for men with extremely bad ones. 

The high correlation coefficient values, which we have now 
found in calculating the correlation between the number of chews 
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TABLE 5S. 

Correlation between mastication coefficients in two successive tests. Grown-up 
men and women with extremely good or extremely bad sets of teeth. 
n — number of persons, r + e{r) = correlation coefficient 
+ stairdard error. 


Set of teeth 

Men 

Women 

n 

v + s{r) 

n 

r 4 e(r) 


Group I: extremely good 

63 

-f- 0.873 4 0.030 

61 

-}- 0.716 4 0.0G3 

» IV: extremely bad 

54 1 

4 0.701 ± 0.069 

50 

+ 0.850 4 0.039 


and tlie mastication coefficient, show that the variation in the 
number of chews is a fundamental cause of the variation in the 
mastication effectivity. 

Mastication coefficient and the condition of the teeth. 

The variation in the masticatory effectivity is also connected 
with variation in the sets of teeth, which latter can now be 
numerically evaluated in two different ways with the methods 
worked out by the author. The correlation can be calculated bet- 
ween the point values of the teeth or the occlusion surface on the 
one side (as expressing the character of the set of teeth), and 
the computed mastication coefficients, on the other. The correla- 
tion coefficients thus obtained will then give an idea of the 
connection between the nature of the set of teeth and the mastica- 
tory effectivity. 

Correlation calculations are in the first place made between 
the masticatory effectivity and the number of occlusion contacts. 
They show that there is a strong correlation between the mastica- 
tion coefficient and the number of contacts. The values for the 
correlation coefficient show good agreement between men and 
women, amounting for the former to O .572 + O. 041 , and for the latter 
to 0.5gg ±0.oii. Corresponding calculations have also been made 
for men and women with regard to the connection between the 
mastication coefficient and the occlusion surface. This calculation, 
too, shows a strong correlation, with a coefficient of O.G 17 + O .011 
for men, and of O .191 ± O.oso for women. There are no significant 


1 Information is lacking for 1 case of 55. 
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differences between the correlation coefficients obtained from 
the calculated points, and those obtained from the occlusion sur- 
face. The investigation supports the notion that the nature of the 
set of teeth is quite as important to the masticatory effectivity 
as is the number of chews. 

It has been mentioned earlier on that the investigated material 
of adult men and women contain isolated cases of malocclusion. 
All cases that came for investigation have been included, in order 
to get a representative material. The cases with malocclusion 
have been registered, so that it is possible to investigate their 
masticatory effectivity. For a rough orientation, the author has 
confined himself to tabulating the extent to which dental anoma- 
lies occur above and below the median for the mastication coef- 
ficients in the different groups. Of the total material of 466 adult 
men and women, we find 103 individuals with anomalies, i. e. 

22.1 ±1.9 per cent. If the anomalies had been of no importance, 
we should have expected 50.o±4.o to lie above the median for 
the respective groups, and the same number to lie below. The 
figures obtained are 39.s per cent above the median, and 60.2 
per cent below. There is no significant deviation from what 
we should expect from chance. It is possible that significant dif- 
ferences might be obtained from a larger material. All the same, 
the figures we get do not indicate that the cases of anomaly 
displayed a more divergent mastication effect than other indi- 
viduals, and their values lie, for the rest, well within those of 
the normal range of variation. 

The range of variation. 

Table 5.9 shows the distribution in both sexes for the whole of 
the lumped together material. Here, a class division of O.s o 
round the means has been used for men and women respectively. 
The distribution is somewhat skew, in so far as high extreme 
values appear more extensively than low extreme values. The 
distribution appears to go from 2 o below the mean (for men, 

19.01 ±0.:>9 sq. cm./c. cm., and for women, 20.23 + 0.32 sq. cm./c. cm.), 
up to 4 a above the mean (cf. Table 59). It is, however, worthy 
of note that one man had a mastication coefficient that deviated 
more than 5 o from the mean : it was 49.g sq. cm./c. cm. This person 
was, on principle, an eater of raw vegetables, and chewed extre- 
mely thoroughly, reaching 142 times. Thus he exhibited an 
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TABLE 59. 

Distribution of mastication coefficients and occlusion surfaces. Total 
material of grown-up men and women. As class interval has been used 
for men: 0.5a = 2.9 sq. cm./c. cm. and —62.9 sq. mm.; for women: 

0.5a = 2.4 sq. cm./c. cm. and = 55.7 sq.mm. M — me an. 



IN I e n 
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Class 

Mastication 

Occlusion 

Mastication 

Occlusion 

intervals 

coefficient 

surface 

coefficient 

surface 


Number 

% 

Number 

°/o 

Number 

°/o 

Number 

0 / 

yo 

4 0 





1 

0.4 



3.5a 

3 

1.3 

1 

0.4 

— 

— 

— 

— 

3 a 

2 

0.9 

2 

0.9 

4 

1.7 

1 

0.4 

2.5a 

3 

1.3 

2 

0.9 

4 

1.7 

3 

1.3 

2 a 

10 

4.4 

10 

4.4 

9 

3.8 

11 

4.8 

1 .5a 

11 

4.8 

22 

9.7 

20 

8.4 

24 

10.4 

1 O 

27 

11.8 

36 

15.9 

28 

11.8 

36 

15.6 

+ 0.5 a 
M 0.5a 

34 

14.8 

41 

18.1 

45 

19.0 

41 

17.7 

54 

23.7 

35 

15.4 

40 

16.9 

42 

18.1 

1 a 

63 

27.5 

43 

18.9 

47 

19.8 

32 

13.9 

1.5a 

20 

8.7 

19 

8.4 

35 

14.8 

23 

10.0 

2 a 

1 

0.4 

13 

5.7 

4 

1.7 

13 

5.6 

2.5a 

— ■ 

— 

3 

1.3 

— 

— 

5 

2.2 

Total 

229 1 

100.0 

227 2 

100.0 

237 

100.0 

231 3 

100.0 


extreme value as regards number of chews, also. He belonged, 
incidentally, to the class with extremely good teeth. 

It has been mentioned earlier that the number of chews, too, 
shows a skew distribution, extending from 2 o inclusive, up to 
almost 3.5 o round a mean of 67.s chews for men, and 58.s for 
women (cf. Table 46). It is interesting to investigate the distri- 
bution vuth regard to occlusion surface, also. Figures for this 
are included in Table 59, where it is seen that the occlusion 
surface varies from 2.5 o below the mean up to 3 — 3.5 o above 
the mean, which is 299.7 ±8.3 sq.mm, for men, and 295 .i± 7.3 
sq. mm. for women. Here, too, then we have a skew distribution. 
Actually, the skew distribution of the mastication effect is pro- 
bably connected with the asymmetry which is found both for the 
number of chews and the occlusion surface. 


1 With regard to mastication coefficient there is one of 229 individuals 
between 5a and -f- 5.5a, corresponding to 0.4 per cent of the material. 

2 Information is lacking for 2 of 229 persons. 

» » » 6 of 237 *> 
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Fig. 7. At the top, the number of chews, on the second line, the 
occlusion surface, at the bottom, mastication coefficients, for men (to 
the left) and women (to the right) with different sets of teeth (groups 
I — IV) and with prostheses (P). The black columns give the means and 
the vertical lines the standard deviation. 
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Fig. 8. Diagram showing the surface of the test after chewing, in 
comparison with the surface of the test portion. To the left men, 
to the right women. For both are given two diagrams, one with the 
surface expressed in squares and another with the surface expressed 
in the height of a column. The surface of the test portion is black, 
the mean after chewing is given in thick lines, the limits for the range 
of variation in thin lines. 

Finally, Figure 7 shows both mean and range of variation for 
the number of chews, the occlusion surface, and the mastication 
coefficient, for adult men and women. We can see from the 
diagram that, as has been shown earlier on, the average number of 
chews and its variability remain constant when the set of teeth 
gets worse ; we also see that the average occlusion surface decreases 
strongly and in a straight line in the different classes. The 
differences towards a smaller standard deviation which occur are 
not of importance. Then Figure 7 shows that the masticatory 
effectivity diminishes — though much less markedly than the 
occlusion surface — for the different classes, at the same time 
as the standard deviation also diminishes somewhat. The diagram 
is intended to summarize the results obtained earlier. 

To elucidate the mastication coefficient and its range of vari- 
ation a survey is given in Figure 8 of the average surface enlar- 
gement found in adult men and women in relation to the original 
surface of the test portion. The diagram also gives the limits for 
the range of variation. The figure refers to the lumped together 
material of men and women with sets of teeth of varying types. 

Individual and inter individual variation. 

To get a more differentiated idea of the general variation in 
the mastication effect, we now divide up the variation for adult 
men and women into the individual variation which conditions 






THE MASTICATORY EFFECT 


137 


TABLE 60. 

Total standard deviation of the mastication coefficient ( at ) for men and 
women, divided into groups with different sets of teeth, individual 
standard deviation (at) and calculated inter-individual standard deviation 
(<Tp) for the corresponding groups. n = number of persons. 


Set of teeth 

n 

at 

at 

ai in % 
of at 

a P 

Op in % 
of at 



Men 




Group I 

63 

7.04 

2.54 

36.1 

6.57 

93.3 

» II 

60 

3. G 5 

1.82 

49.9 

3.16 

86.6 

» III 

51 

2.79 

1.46 

52.3 

2.30 

82.4 

» IV 

55 

3.31 

1.68 

50.8 

2.85 

86.1 

Groups I — IV 

229 

5. S 2 

1.96 

33.7 

5.48 

94.2 



Women 




Group I 

61 

4.79 

2.54 

53.0 

4.06 

84.8 

» II 

76 

4.02 

1.68 

41.8 

3.65 

90.8 

» III 

50 

3.74 

1.05 

28.1 

3.59 

96.0 

» IV 

50 

2.62 

1.01 

38.5 

2.42 

92.4 

Groups I— IV 

237 

4.80 

1.74 

36.3 

4.47 

93.1 


differences between repeated tests of one and tlie same person, 
and the variation which is found between different persons after 
the individual variability has been subtracted from the total one 
(cf. Chapter 12). Figures obtained in this way are given in Table 
60. The table gives, then, for adult men and women with dif- 
ferent sets of teeth, firstly the observed total variability, o t , 
secondly the individual variability, a„ thirdly the calculated 
interindividual variability, o v . We have discussed before the 
variability for different teeth groups, and shown that it drops 
from extremely good to extremely bad sets both in men and wo- 
men. The individual variability shows a similar drop, as does also 
the interindividual variability. This means that if we calculate 
the respective sizes of the individual variability and the inter- 
individual variability in per cent of the total variability, we get 
figures that remain fairly constant. The variations that do occur 
are probably, at any rate in large measure, due to chance. On 
the whole, the interindividual variability is 90 per cent of the 
total, and the individual variability 40 — 50 per cent of the total. 
The figures do not, of course, add up to 100 per cent. 
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If, lastly, we look at the lumped together material, we find the 
interindividual variability taking the rather larger share in the 
total variability of not quite 95 per cent, while the individual 
variability is about 35 per cent. In this material, the interindivi- 
dual variability will, of course, form a larger proportion, as the 
lumping together of different classes of teeth is a further reason 
for variability in the form of an increased variation in the 
occlusion surface. 

The fact that we get a varying result — i. e. an individual 
variability — when one person carries out repeated tests, is due 
to his chewing a different number of times, but it is certainly 
also due to the chews being, in other ways too, carried out dif- 
ferently. In consideration of the fact that the chewing habits, 
as has been shown earlier on, are comparatively constant, it is 
probable that these other factors play a not unimportant part. 

The far greater variability in respect of differences between 
individuals is conditioned both by a great variability in the 
number of chews, and also by a greater variability in the occlusal 
surface. In the light of the correlation coefficients computed 
earlier, we have most reason to suppose that these two factors 
are of about equal importance. But here, too, we have to reckon 
with different degrees of skill in the management of the mouthful, 
the fact that some people chew harder than others, and dissimilari- 
ties in the anatomical structure of the set of teeth, which cannot 
be measured by the occlusion surface with the method used here. 



Chapter 15. 


Mastication effect with full prosthesis. 

In a population, there are, of course, a not inconsiderable 
number of persons, mainly the rather older ones, who have no 
teeth of their own, and who must resort for chewing food to 
artificial teeth. It is of interest from a practical viewpoint to 
try and get an idea of the mastication effect in chewing with 
full prosthesis, and it is also interesting to see how effective the 
masticatory powers in persons with full prostheses are, compared 
with persons who have their own teeth. 

In describing the material in Chapter 8, we gave figures in 
Table 13 of the age and sex of the investigated persons with full 
prostheses. We will only mention here that these persons con- 
sisted of 50 men and 50 women between about 40 and 80 years of 
age, most of them between 55 and 70. The prostheses were grouped 
into three groups : extremely good, good, and bad. The motives 
for grouping were subjective, building on an estimation of the 
stability and suction powers of the dentures, and also on the 
occlusion of the rows of teeth. When grouping, the author con- 
firmed his judgments by asking the wearers how good they 
themselves thought their dentures were, for chewing. As a rule, 
their assessements seem to have agreed with his. 

The first concern here was to get an idea of the masticatory 
effectivity in full prostheses of a fairly ordinary nature, where 
their owners had become used to them. In other words, the 
investigation concerns full prostheses that have been in use some 
time. The author’s general impression of the prostheses investi- 
gated was that they were not of a very superior order, but not 
(with a few exceptions) below standard, either. It may be men- 
tioned that a number of them were made at dental clinics, treating 
those who cannot afford to pay. 

It is a generally accepted view that it is difficult to chew with 
full dentures. A reason for this given in the literature, for 
example, is that one cannot chew so hard as with one’s own 
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teeth, so that is is difficult to crush the food between the tooth 
surface. In addition to this, the prostheses, in particular the 
lower ones, are often considered difficult to manage in chewing. 

The question now is, whether these factors really do impair 
the powers of mastication. After all, the food we consume con- 
sists mainly of soft substances, which should not be difficult for 
the wearer of dentures to chew. On the other hand, firm, firm 
and brittle, and tough substances perhaps are hard for them to 
chew. The patient was asked to say which substances gave him 
trouble. The opinions given here agreed, on the whole, with one 
another, being briefly as follows. Of the soft foodstuffs, such as 
were of an adhesive nature, e. g. soft bread, pancakes and the 
like, were considered hard to chew. The trouble here was that the 
under jaw sticks in the mouthful and may then easily get out of 
position. Firm, and firm and brittle substances were not consi- 
dered troublesome, on the other hand. On the contrary, it was 
generally maintained that hard bread was easy to chew, and far 
preferable to soft bread. Nor did the test subjects find raw carrot, 
fresh fruit etc. difficult, provided the mouthful was not very 
large. Tough meat was considered troublesome. A number of 
test subjects said that meat could be chewed: others said that 
they ate meat cut up into small pieces and swallowed without 
any real chewing previously. 

The general impression the author got from these questions 
was that adhesive and tough food substances cause trouble in 
chewing, while soft, firm, and firm and brittle substances are 
comparatively easy to cope with. 


Prosthesis and number of chews. 

When the specimens were taken, the number of chews was 
counted in the same way as before. Table 61 gives average values 
for the number of chews taken by men and women with extremely 
good, good and bad prostheses in chewing the portion until it felt 
ready to swallow. The figures in the table show that the number 
of chews increases from extremely good to bad prostheses, both in 
men and women. The difference between the number of chews 
with extremely good and with bad prostheses is just about probable 
for men (27.o + ll.o). A comparison between the mean number of 
cheAvs for men and for Avomen sIioavs that, on an average, the men 
cheAv a greater number of times. The greatest difference bet.Aveen 
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TABLE 61. 


Number of chews in men and women with full prostheses of varying 
quality. n = number of persons. M + e(M) = mean + standard error. 
a — standard deviation. V= variation coefficient. 


Prosthesis 

M e n 


W 0 m 

e n 


11 

M + e(M) 

O 

V 

n 

M ± e(M) 

O 

V 

Extremely good 

17 

67.1 + 5.7 

23.7 

35.4 

8 

56.8 



Good 

19 

88.S + 4.3 

18.5 

20.9 

22 

67.4 + 5.2 

24.3 

36.1 

Bad 

14 

94.1 ± 9.5 

35.5 

37.7 

20 

78.0 + 3.7 

16.4 

21.0 

Total 

50 

82.9 + 3.9 

27.7 

33.3 

50 

69.9 + 3.0 

21.1 

30.2 


tlie two sexes is found in chewing with moderately good prosthe- 
ses. This difference is significant (21.4 ±6.7). The figures, then, 
show men with prostheses to have chewed more than women, and 
also show that men with bad prostheses chew a greater number 
of times than men with extremely good ones. As the number of 
investigated women with extremely good prostheses is very small, 
we cannot see from the figures whether there is a difference 
there between the number of chews with extremely good and with 
bad prostheses, though the great difference between the means 
rather indicates that there is. 

A comparison can now be made between the average number of 
chews for adult men and women with their own teeth, on the one 
hand (cf. Table 40 and 41), and for men and women with full den- 
tures on the other. In men, the values for extremely good dentures 
agree with those for extremely good sets of teeth. Persons with good 
full dentures chew, on an average, a larger number of times than 
adult men with their own teeth. The difference in chews be- 
tween good sets of teeth on the one side, and good dentures on 
the other, is statistically significant (21.9 ±5. 7 ). (The figures for 
the number of chews with bad dentures is high, but has at the 
same time a high standard error, and give no significant diffe- 
rence between bad sets of teeth and bad dentures.) A comparison of 
the number of chews between women with their own teeth and wo- 
men with full dentures shows in the same way as for men, tallying 
values for extremely good sets of teeth and extremely good dentu- 
res. The number of chews in good and bad dentures is higher than 
in good and bad sets of teeth, with a significant difference bet- 
ween bad sets of teeth and bad dentures of 19. 4 + 4.9. These compa- 
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risons indicate that persons with good dentures do not, on an 
average, chew more times than persons with their own teeth, 
whereas persons with good and bad dentures do. 


Prosthesis and mastication coefficient. 

This difference in the number of chews may, as far as the 
masticatory effect is concerned, compensate the lower effeetivity 
of bad dentures, so that there is no noticeable difference in the 
comparison of mastication coefficients between good and bad 
dentures. There is therefore reason to compare the mastication 
effect in good and in poor prostheses when the number of chews 
is constant, i. e. 40. Figures are given in Table 62. 

We find for men that there is a statistically significant diffe- 
rence in mastication coefficient between extremely good and bad 
dentures (difference 7.2 + l.s), and also between extremely good 
and good dentures (5.5 ±1.4). On the other hand, the difference 
between good and bad dentures is not significant; this may he 
due to elements of uncertainty in classifying. There is, however, 
a probable difference (2.n±0.s2) for women between these groups 
of dentures. 

It now remains to compare the mastication effect between 
persons with full dentures and persons noth their own teeth. If 
we compare the different groups of dentures, we find no statisti- 
cally significant or probable differences between the groups in 
unrestricted chewing; this implies that people with bad pros- 
theses compensate the lowered effeetivity by chewing a larger 
number of times. In itself, this is, perhaps, not so astonishing. 
We can suppose that a person who has been given false teeth 
will chew under such altered circumstances as to cause him to 
break his earlier habits. In developing new ones, he pays a certain 
attention to the mastication effect. All the same, it is possible 
that the increased number of chews does not entirely level out the 
differences, in so far as we find a difference of 6.o±2.s for the 
average mastication coefficients between the groups of good and 
bad dentures in men. It is possible, that is to say, that we should 
get a significant difference on a larger material. Since, in each 
group, the number of persons with full dentures is small, we get 
better criteria if we compare the mastication coefficients for the 
total number of men and women respectively. 
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TABLE 62. 

Mastication coefficients in tests with 40 chews for men and women, divided 
into groups with prostlieses of varying quality, n = number of persons. 
M + e(Af ) = mean + standard error, a = standard deviation. 

V= variation coefficient. 


Prosthesis 

M e n 


W o m 

e n 


n 

M ± e{M) 

o 

V 

n 

M + s(M) 

G 

V 

Extremelv good 

17 

22.74 + 1.14 

4.GS 

20.6 

8 

17.48 



Good 

19 

17.29 + 0.8S 

3.83 

22.1 

22 

17.61 + 0.66 

3.09 

17.5 

Bad 

14 

15.5S + 0.91 

3.39 

21.8 

20 

li).50 + 0.48 

2.15 

13.9 

Total 

50 

18.GG + 0.70 

4.93 

26.4 

50 

16.74 + 0.40 

2.86 

17.1 


If, then, we lump together the entire material, we find for 
men a mastication coefficient of 24.os±0.9i, and a standard devi- 
ation of 6.g;)±0.gg. The variation coefficient is 27 . g ± 2.76 per cent. 
For women, the mean is 20 . i 7 ± 0 . G 3 , the standard deviation 
4.U ±0.h, and the variation coefficient 21.7 + 2.17 per cent. There 
is a small significant difference between men and women with 
dentures, possibly partly connected up with the fact that women 
with dentures chew a lesser number of times than men with den- 
tures (difference 3.gi ± l.ia). It, must be remembered, however, that 
the average age of the women is higher than the average age for 
the men. 

The main interest centres round a comparison with the figures 
for adult men and women with their own teeth (cf. Table 49). 
We find that persons with full dentures have a mastication effect 
which is not significantly different from that in men with ex- 
tremely good teeth, but which is perhaps somewhat lower. The 
same is true of women. It is interesting to be able to ascertain 
that prosthesis gives, on an average, about as good a result 
as an extremely good or good set of teeth when chewing a substance 
which, though not representing in consistency the food which is 
most troublesome to chew, nevertheless borders on the upper 
limit of difficulty for normal food. The results obtained here 
agree with the details given by the patients themselves, which 
have been described earlier on. Full prosthesis gives, as a rule, 
a satisfactory or even good mastication effect. 

It is finally of interest to discuss, in this connection, the vari- 
ability in mastication effect. We have shown earlier on that 
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TABLE 63. 

Number of individuals (=?*) in groups with sets of teeth in varying 
condition, distributed according as the mastication coefficient is greater 
or smaller than the average mastication coefficient for the total number of 
examined men and women respectively, and average number of chews (Mn) 
in the groups in question. N= total number of persons, M = mean. 


Set of teeth 

JV 

Above M 

Below ill" 

n 

n in 
of N 

Mn 

n 

n in % 
of N 

Mn 



Men 






Group 

I: extremelv good 

63 

50 

79.4 

72.1 

13 

20.6 

55.2 

I> 

11: good 

60 

23 

38.3 

83.0 

37 

61.7 

56.9 

5 

III: bad 

51 

10 

19.6 

89.2 

41 

80.4 

66.2 

T> 

IV: extremely bad 

55 

8 

14.5 

76.5 

47 

85.5 

63.3 



Women 





Group 

I: extremelv good 

61 

52 

85.2 

67.2 

9 

14.8 

41.0 

7> 

II: good 

76 

40 

52.6 

77.2 

36 

47.4 

49.1 

* 

III: bad 

50 

13 

26.0 

76.1 

37 

74.0 

63.8 


IV: extremely bad 

50 

6 

12.0 

100.5 

44 

88.0 

73.8 


sets of teeth can also chew as effectively, 01 * better, than the 
average in a population of adult men and women. 

It is, perhaps, more interesting to try and get an idea of how far 
the chewing of persons with varying sets of teeth is above the 
average for persons with extremely bad teeth (cf. Table 64). Here, 
too, we find considerably higher figures for extremely good sets 
of teeth than for extremely bad ones. About half of those with 
extremely bad sets are above the group mean, which is, of course 
to be expected. A more important fact is, that among persons 
with extremely good sets of teeth, 7 — 8 per cent chew worse than 
the average mastication for persons with' bad sets. In other 
words, the low mastication effect in these former is not due to 
lack of teeth. If they wish to make the effort, they can of 
course achieve a very good effect. Their chewing habits are 
such, however, that t-hej^ content themselves with a poor effect. 

It has been said earlier on that, when we are to investigate 
the mastication effect in separate individuals with the help of 
the test tried out here, we get an uncertain value from a single 
test, but that a series of tests should lead to a fairly exact im- 
pression. In most cases, about ten tests should be enough, which 
implies that we have to reckon with a standard error of about 3 
10 — Dnhlberg. 
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TABLE 64. 

Number of individuals (= n) in groups with sets of teeth in varying 
condition, distributed according as the mastication coefficient is greater 
or smaller respectively than the average mastication coefficient for the 
group with extremely bad sets of teeth (men and women), and average 
number of chews ( M n ) in the groups in question. N= total number of 

persons. M = mean. 


Set of teeth 

N 


Above 

M 


Below 

M 

n 

n in % 
of iV 

M n 

11 

n in % 
of N 

M n 



Men 






Group 

I: extremely good 

63 

58 

92.1 

70.1 

5 

7.9 

51.2 

» 

II: good 

60 

45 

75.0 

72.9 

15 

25.0 

48.7 

7> 

III: bad 

51 

28 

54.9 

82.5 

23 

45.1 

56.4 

7> 

IV : extremely bad 

55 

23 

41.8 

77.0 

32 

58.2 

56.8 



Women 





Group 

I: extremely good 

60 

56 

93.3 

57.7 

4 

6.7 

32.3 

T) 

II: good 

76 

56 

73.7 

64.6 

20 

26 3 

42.6 


III: bad 

50 

24 

48.0 

66.3 

26 

52.0 

51.4 

» 

IV: extremely bad 

50 

22 

44.0 

77.3 

28 

56.0 

50.0 


per cent. When this has given us an idea of how effectively the 
test subject chews with the set of teeth he has, we can fit him 
into the scale of varying mastication coefficients characterizing 
a normal population. If the test subject has a low mastication 
coefficient, there is reason to discuss prosthesis. The nearer he 
is to the lower limit for normal effectivity, the greater, of course, 
is the call for prosthesis from the point of view of effective 
chewing; greatest of all is it if he is below the value denoting 
the average for extremely bad sets of teeth, namely 15.77 
sq. cm./c. cm. for men and 17 .ig sq. em./c. cm. for women. For 
purposes of comparison, it may be mentioned that 8 + 3.s per 
cent of the men with full dentures, and 18 ± 5.-i per cent of the 
women, have lower mastication coefficients than the average for 
men and Avomen respectively with extremely bad teeth. 

But we cannot, of course, judge the situation solely with regard 
to the mastication coefficient. We should also observe the chewing 
habits of the test subject, i. e. his average number of chews. It 
is therefore desirable, when testing a patient, to register the 
number of chews, and get a mean from them. If the figure is 
low, this naturally indicates that he is content with a comparati- 
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vely ineffective chewing. Even with an extremely good set of 
teeth, lie would have had a comparatively low mastication ef- 
fectivity. In consideration of this, we can, naturally, tolerate a 
lower mastication coefficient in a person like this than in a person 
with a large average number of chews. 

Finally, let it be firmly laid down that the indications for 
prosthesis do not only consist of a poor mastication effect and a 
low mastication coefficient. Regard must also be paid to the 
nature of the set of teeth, and to the risk of faulty positions and 
alterations of different kinds being set up if prosthetic replace- 
ment is not made. This side of the matter is outside the scope of 
this work, however. All the same, an all-round estimation of the 
need of dentures should get a certain guidance from the results 
of an investigation with mastication test. From a practical point 
of view, we may lastly stress, in this connection, the importance 
of the way in which the dentures are made, and how the sub- 
jects can learn to use them. The points of view now put forward 
concern full dentures. Thus, the conclusions cannot be applied 
to partial dentures of various kinds. To judge these, special 
investigations are of course necessary. 

For the sake of safety, we may once again remind readers that 
the conclusions drawn refer only to the test material which the 
author has used, and to food which has a corresponding consi- 
stency. Obviously, entirely different results are to be expected 
in chewing substances which are easier to reduce, as also in che- 
wing substances with a more resistent consistency. Of course the 
size of the test portion is also of a certain importance. In other 
words, this investigation should be followed up with research 
into such questions. 



Summary. 


The survey of the literature shows that tittle attention has 
been paid to the question of the physiological effect of the teeth 
in normal and in more or less defective sets. A few investiga- 
tions have been carried out with straining of chewed test portions. 
The materials (almond, eocoanut) used in the tests were of a 
not very satisfactory nature. The methods used were uncertain, 
and did not succeed in giving any more definite idea of the 
mastication effect under different circumstances. Larger materi- 
als, and more representative ones, have not been investigated at 
all. It has therefore been necessary in the first place to work 
out a satisfactory method for testing. 

1. After testing different materials, the one chosen was 15 
per cent gelatin to which had been added 5 per cent barium 
sulphate and a red colouring-matter. From this cylindrical rods 
are east, which are cut in a special apparatus (cf. Figure 1) into 
pieces with a volume of IO.g e. cm. (7.t c. cm. for children). The 
pieces are hardened in formalin, so that they clo not dissolve in 
water. The formalin is subsequently removed by washing. The 
test material should answer reasonable demands in so far as it 
can be chewed even by people with poor teeth, without, however, 
being unduly easy to reduce to small pieces. Its consistency most 
nearly corresponds to that of raw carrot or boiled liver. The test 
material has been submitted to special tests to ascertain its com- 
pressibility and to establish the breaking-point in loading, and 
has proved to have a homogeneous character. A special apparatus 
has been constructed to carry out such tests (cf. Fig-ure 2). 

2. After the test portion has been eliewed, the reduction is 
determined by straining through an apparatus (cf. Figure 3) 
consisting of a thick tube, with 10 strainers with the diameter of 
the holes going from 10 to 1 nun., there being 1 mm.’s difference 
between each. A rotating stream of water plays on the portion. 
The direction of the rotations is reversed after 48 seconds, with 
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pauses of 12 seconds. Tlie water pressure is 1 metre. The strai- 
ning' of one test portion takes 6 minutes. 

3. When establishing the degree of reduction, the first thing 
is to count the particles in the first 7 strainers. The number of 
particles in the last 3 are determined by sedimentation in gradu- 
ated glass tubes when the particles are shaken down by a mech- 
anical device. A special investigation has determined the num- 
ber of particles per c. cm. of sedimented volume. 

4. To get a uniform expression for the degree of reduction, 
a calculation is made of the total area of the particles composing 
the test portion after it has been chewed. In so doing, it is 
assumed that the particles on the first 7 fractions have, on an 
average, the form of cubes, whose sides have an average diameter 
lying between the holes in the strainer where the particle landed 
up, and the one immediately above. In the last 3 fractions, the 
particles are assumed to have, on an average, the shape of 
octahedrons, with diameters as the cubes. By means of a special 
investigation, it has been established that it is possible on these 
assumptions, to calculate with sufficient exactitude the volume 
of the test portion from the number of particles. The calculated 
volume diverges from the actual one with a standard deviation 
of about 10 per cent. 

The calculated surface area has been checked by staining the 
portion with Congo-red, which is absorbed by the surface of the 
particles. After washing with water, the colour is dissolved with 
a. certain quantity of 96 per cent alcohol, and the colour content 
determined colorimetrically. Colouration and decolouration of 
this kind, carried out on slices of gelatin with a known area, have 
given coefficients for the reckoning of the colorimetrical values 
in sq. cm. of surface. The values thus obtained have agreed fairly 
well with those for the geometrically calculated surface for a 
series of 16 portions. 

5. The values obtained for volume and surface area have been 
used to compute a mastication coefficient which gives sq. cm. of 
area per c. cm of volume in the test portion. It is difficult to 
get a general survey of the size of the different fractions. The 
coefficient, however, gives a simple expression for the portion’s 
degree of reduction. The coefficient is probably closely connected 
with what, from a physiological point of view, one wants to 
measure. The reduction of the test portion is, of course, of 
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importance, because mastication extends the surface so that the 
digestive juices have better play in the process of digestion. By 
double determinations of the mastication coefficient in a series 
of portions, the error of measurement has been established at 
2.i per cent, which can be considered small in view of the vari- 
ability found when one person chews the test material in repeated 
tests. The individual variability in chewing nevertheless makes 
it necessary, when establishing the masticatory effectivity of a 
single person, to have him carry out a small number of tests, e. g. 
about 10, to get a reliable mean value. (The standard error for a 
mean of 10 tests should be about 3 per cent.) 

* * 

Using the methods worked out, investigations have been made 
on a series of persons of different ages and sex, and with more 
or less defective sets of teeth, and also on persons with full 
dentures; this was to get material for a closer analysis of the 
masticatory effectivity. The investigated material consists of 917 
persons, distributed as follows : 100 7-year-old boys and girls, 100 
13-vear-old boys and girls (schoolchildren from Stockholm), 229 
grown-up men (called up for military service), 237 grown-up 
women (female factory hands in Stockholm) — both groups 20 
— 45 years of age — 101 older men and 50 older women of 50 — 
75 years of age (selected material), and 50 men and 50 women of 
about 40 — 80 years of age (the majority between 55 and 70) with 
full dentures. 

6. A special statistical treatment has been carried out as to 
the nature of the teeth, in order to characterize the material from 
a functional point of view. The statistical analysis has been made 
more thoroughly for the groups which can be considered as 
fairly representative for their respective layer of society. The 
set of teeth has been judged both with regard to its number of 
teeth, and with regard to teeth in occlusion, when (for grinders) 
the occlusal surface was gauged with the help of a wax impression, 
or the teeth were assessed according to a point scale. A special 
investigation has shown there to be a high correlation between 
the results of these two methods. 

a) 7-year-old children, who have a maximum of 24 teeth, have 
proved throughout to have good ones. Front teeth are missing 
in 14.9 per cent, and grinders in 28.6 per cent. 
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b) 13-year-old children, who have a maximum of 28 teeth, 
have also good teeth. Front teeth are missing in 2.i per -cent, 
grinders in 8.s per cent. 

c) Grown-up men show a great variation. In the total material, 
however, incisors are missing only in 1.8 per cent, and grinders 
in 31.9 per cent. 

d) For grown-up women, the corresponding figures are l.-i 
. per cent and 34.9 per cent. The agreement between men and 

women is good. 

A particularly interesting fact is that, in grown-up men, wisdom 
teeth are found in 43.3 per cent, and in grown-up women only 
in 28.i per cent. It may be mentioned that in a representative 
material of old men, the wisdom teeth have to a certain extent 
either not erupted or else have been destroyed early, but that 
they nevertheless are kept to a ripe old age in an unexpectedly 
large number, i. e. about 20 per cent. Because of the difficulties 
of diagnosing wisdom teeth, these figures, however, are not quite 
dependable. 

To characterize the sets of teeth, a contact coefficient has been 
calculated which shows how many teeth correspond on the average 
to one contact in the table of points used by the author. The 
sets have further been grouped into four, according to the number 
of occlusion contacts. The limits have been set at quartiles and 
median in adult men and women, and this division has proved 
practicable throughout. (Among 13-vear-olds group I, which com- 
prises extremely good sets of teeth, has been split into two.) For 
grown-up men, for example, the contact coefficient for extremely 
good sets of teeth is O.93 teeth, for good sets I.20, for bad sets 1.3G, 
and for extremely bad sets 1.7s. As regards the details for the 
character of the sets of teeth, see Chapter 11. 

7. Using the tried-out method, tests have been made registering 
the number of chews taken when the subject was allowed to chew 
until he considered the portion ready to swallow. Special tests 
have checked that the number of experimental chews agrees with 
the number taken when the portion is swallowed. It has been 
found that there are only small differences in the number of 
chews between grown-up men and women. The average number 
of chews is G7.o±1.3 for men, and 58.i±l.i for women. Between 
groups with variously good sets of teeth there are no significant 
differences. This means that a poor set of teeth is not com- 
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pensated by a greater number of chews. There are also no dif- 
ferences either between older men and women and younger ones 
or as compared with 13-year-olds (if the different sizes of the test 
portions are taken into account). On the other hand, 7-vear-olds 
seem to take a somewhat lower number of chews than the other 
groups. Here, the mean is 49.7 ±l.i. It has further been possible 
to show that one person admittedly chews a somewhat varying 
number of times in repeated tests, but that this variability is 
not very large, consisting of I6.9 per cent for men and 13.3 per 
cent for women; this means that different individuals have 
different chewing habits •. and that these habits as regards to the 
test used are quite firm, and fairly independent of the chewing 
result attained. Special investigations have also been carried out 
with different materials. They have shown, however, that material 
which is very troublesome to chew, such as indiarubber, increases 
the number of chews, while on the other hand, it gets lower for 
very easily chewed material, such as hard-boiled white of 
hen’s egg. 

8. Mastication coefficients have been used to investigate results 
when tests were made on persons with varyingly good sets of teeth, 
i. e. with different occlusal surface. Differences in the mastica- 
tory effect ivity run parallel with deterioration in the sets of teeth. 
This may be expressed by saying that in grown-up men and 
women the surface of the original test portion' is enlarged 11 
times in extremely good sets of teeth, 8 times in good sets, 7 
times in bad sets and 6.s times in extremely bad sets. Never- 
theless, the decrease in the mastication coefficient for grown-up 
men from, say, 24.is±0.s;i sq. em./c. cm. in extremely good sets of 
teeth to 15.77 + 0.15 sq. em./c. cm. in extremely bad sets, is compara- 
tively small compared with the decrease found as regards the occ- 
lusion surface. In grown-up men, the mastication coefficient drops 
by 35.6 per cent from good to extremely bad sets of teeth, while at 
the same time the occlusion surface drops by 64.3 per cent. For 
women, the corresponding figures are 29.5 per cent and 64.s per cent. 
This means that though the effect of the teeth in a deteriorated set 
is not compensated by increasing the number of chews, it is, to 
a certain extent, by an increased skill in the management of the 
mouthful (when use of the incisors probably plays a part). Similar 
states of affairs have been seen in grown-up women, as also in 
old people and children. For the rest, there are slight differences 
between these groups. In a comparison between children and 
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adults no differences of importance were found. (A special in- 
vestigation has been made into the influence of the different size 
of the test portions for adults and for children. It has been found 
that the difference is compensated by an increased chewing and 
therefore, figures for the mastication coefficients can be compa- 
red.) Older men chew somewhat more effectively in correspon- 
ding groups of teeth, which may be due to the teeth being abra- 
ded, thereby setting up better contacts between the teeth. 

9. An investigation of the variability in the mastication effect 
has shown this to be relatively large, amounting to 20 — 30 per 
cent in groups with fairly similar sets of teeth. This must to 
a certain extent be due to the varying number of chews, and it 
lias been possible to show that there is a distinct correlation be- 
tween the number of chews and the mastication coefficient. For 
adult men, the correlation coefficient is -{--O.13 + O.03, for women, 
— [— 0.R5 ± O.og. The importance of the number of chews has further 
been directly shown by comparative tests, when the subjects were 
made to chew 20 and 40 times respectively. The doubled number 
meant an increase in the effect by 20 — 30 per cent. All the 
same, the varying effect, too, must be connected with variations 
in the character of the sets of teeth. The correlation between 
the occlusion surface and the mastication coefficient is of the 
same order of magnitude as the above-mentioned correlation with 
the number of chews. It amounts to +0.G2±0.m for the whole 
group of grown-up men, and to +O .10 ± O.or, for the whole group 
of grown-up women. In other words, different chewing habits 
and differences in the sets of teeth seem to play about an equal 
part for the variation in the masticatory effect found in a popula- 
tion. Differences in skill and in the anatomy of teeth and jaws 
and other factors must also be of importance for the range of 
variation. 

Finally, it has been shown that the individual differences in 
repeated tests give a comparatively moderate variability. For adult 
men and women alike, it. amounts to 35 per cent of the total varia- 
bility. This individual variation is connected with the fact that 
the number of chews made in the test varies in one and the same 
person. The number of chews in a population of adults varies 
from about 12 to about 165. The mastication coefficient varies 
from 7 sq. cm./c. cm. to 40 sq. cm./c. cm. for men, and from 10 
sq. cm./c. cm. to 40 sq. cm./c. cm. for women. The distribution is 
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moderately skeAv as regards botli the number of chews and the 
masticatory effect. Cf. Figs. 7 and 8. 

10. A test of the chewing conditions with full dentures has 
shown that the average number of chews in ' persons with poor 
dentures is somewhat higher than that for persons with their own 
teeth. But there is no difference for good dentures. The effect, 
measured in mastication coefficient, corresponds on an average 
to that in extremely good or good teeth. Nevertheless, the varia- 
bility is great. The prostheses have been classified as extremely 
good, good and bad; in so doing, regard was paid both to the 
way they are made and also to other circumstances giving reason 
to expect some to function better than others. Distinct differen- 
ces in mastication effect have been found between these groups. 
At its best, a prosthesis gives a mastication effect as good as in 
persons with extremely good teeth of their own ; at its worst, the 
effect is below the average obtained in persons with extremely 
bad teeth. Both when judging the need of dentures and when con- 
templating the advantages a certain prosthesis offers, the sugges- 
ted test should prove of use, though in that case it is necessary 
to repeat it a number of times, e. g. about 10. 
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Survey of literature. 

The task of reviewing the fairly extensive literature on epi- 
demic hepatitis has been considerably facilitated by the conscien- 
tious compilations and critical comments made in the thirties by 
.several prominent authors such as Wallgren (1930), Bergstrom 
(1934), Wickstrom (1936), Thune Andersen (1938), Findlay 
(1938) and Selander (1939). 

On the face of it one could hardly expect the fairly unanimous 
conclusions reached by these my predecessors to be challenged 
seriously, but the experiences from the county of Vasterbotten, 
especially as regards the epidemiology of the disease, are so 
peculiar as to motivate a renewed analysis of at least some of 
the earlier evidence. Before undertaking such a detailed scrutiny 
it seems appropriate to make an inventory of the points on 
which our present knowledge of epidemic hepatitis is admittedly 
deficient or contradictory. 

When trying to form an idea regarding the risks of contracting- 
ail infectious disease at different ages one is usually content to 
work out the percentage of the sick in different age groups. 

Such figures are obviously of little value as evidence. The 
proper way of course is to calculate the ratios between sick persons 
and persons exposed to risk in the different age groups and state 
the percentage of cases in these various groups. That this has 
not been done before presumably depends on the difficulties in 
estimating the size of a population among which an epidemic is 
considered to be prevalent and to decide how many individuals 
in such a population have been exposed to the risk of infection. 

Because it has been impossible to compile such dates the asser- 
tion that children are particularly susceptible rests on fairly 
feeble foundations. 

On the question of etiology almost all authors postulate some 
kind of infection, but Brugsch maintains, that decomposed food- 
stuffs are responsible. Attempts at transmitting the disease to 
animals have failed or been inconclusive. Thune Andersen’s 
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remarkable discovery that hepatitis could be produced in pigs 
with material from jaundice patients has not been followed up 
by an investigation into the nature of the pathogenic agent. 

The mechanism of infection represents a two-sided problem. 
How is the contagion transmitted from one person to another and 
by which route does it reach the liver? On this point we shall 
find a disagreement between the generally held opinions and the 
evidence of the present investigation, and accordingly the pre- 
mises on which the assertions on this subject have been founded 
must be reexamined. I am now going to review the literature on 
the first point, the mode of transmission, and later on I will try 
to tackle the second point. 

Lindstedt who by his deductions regarding the time of incuba- 
tion holds the title as pioneer among the students on the epi- 
demiology of the disease, for which he has coined the name of 
epidemic hepatitis, does not commit himself to any statement 
regarding the mode of infection. Lindstedt ’s first series comprises 
6 persons in a rectory who all came down with jaundice inside 
a month. This suggests a common source of infection and the 
medical officer of the district provides the information that 
jaundice was fairly widespread at the time. In such circum- 
stances certainly a rector’s family is particularly exposed. The 
local doctor, however, was more inclined to suspect the water 
supply and volunteered the information that wells in the district 
threatened to dry up. In the second series 5 persons took ill also 
inside one month, one of them being a schoolgirl aged 11, in 
whose school about 30 cases of jaundice were said to have occurred 
some months previously. The school epidemic might be explained 
as due to contact but school hygiene and in particular drinking- 
arrangements being what they are in many rural schools the 
possibility of the contagion having been transmitted by water 
cannot be excluded. 

The cited examples from the fundamental epidemiological work 
on hepatitis illustrate well the ambiguity of the evidence in most 
hepatitis epidemics and explain the conflicting views on the 
mechanism of infection held by different authors. 

Since Wallgren introduced the seasonal variation into the dis- 
cussion by comparing incidence graphs in epidemic hepatitis with 
such graphs in epidemics of diseases which are spread by contact 
or ingestion respectively, several Scandinavian authors (Wick- 
strom, Bergstrom, Selander) have followed his lead. The con- 
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elusions reached by these workers are unanimously considered to 
favour the theory of contact infection. Wickstrom, however, 
quoting his Porlom summer epidemic, points out that a local out- 
break might take place at any season and that confusion may 
result from single observations. 

Beulander is not prepared to accept the seasonal distribution 
as proof of contact infection and points out that the graphs 
representing these variations of infection by contact as well as 
by ingestion are subject to modifications due to various circum- 
stances, such as altered times for school attendance, improved 
hygiene and vitamin supply 7 . 

When comparing the seasonal graphs from the different authors 
a certain common tendency between them is certainly discernible 
but in detail notable differences are conspicuous. Waulgren’s 
curve representing the seasonal distribution of case incidences 
1925 — 1926, shows a maximum in November, while this is reached 
already in October in Selander ’s compilation from 1931 — 1937. 
Bergstrom also reports a peak in October. This precession of the 
maximum in later and bigger statistics does not convey the 
impression of a preeminently winter epidemic characteristic of 
Wallgren’s analysis. 

A circumstance which apparently has been overlooked in com- 
paring graphs of different epidemics is the time of incubation 
in the various epidemics. When allowance has been made for the 
proven long time of incubation in hepatitis we are faced by a 
remarkable resemblance not to scarlet fever and diphteria but 
to typhoid, dysentery and infantile paralysis. (Cp. Selander.) 
Wallgren’s comparative graphs show the peak in the 1918 — 1919 
typhoid epidemic to have been reached in October or during the 
same month when Bergstrom registers the greatest number of 
hepatitis cases in Gotland 1929 — 1932 and Selander in the whole 
of Sweden 1931 — 1937. The seasonal morbidity variations in 
epidemic hepatitis do not constitute a strong argument against 
transmission by ingestion. 

The apparent ease by which the diesease is said to be trans- 
mitted has also been underlined by several authors (Wallgren, 
Bergstrom, Wickstrom, Bates, Lisney, Maitland, Cullinan, 
Newman, Me F arlan) but comparatively few case records have 
been published substantiating the assertions. The objection that 
presumably several opportunities for infection present themselves 
during an outbreak is hard to refute. By showing that return 
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cases in hepatitis are considerably more frequent than in certain 
other diseases, Selander has provided the strongest argument so 
far presented in favour of the contact infection theory, especially 
with regard to sporadic cases. When trying to explain the fre- 
quent occurrence of absolutely isolated eases Wallgren and others 
assume »liealtliy earriers» to play a part. However, no definite 
evidence has yet been produced of their existence in epidemic 
hepatitis. This assumption is merely made because otherwise it is 
very difficult to explain some cases as due to contact. On the 
whole the opinions expressed concerning the infeetivity as a rule 
are more conjectural than founded on substantiated observations. 
Some of the published dates seem actually to indicate low infect- 
ivity by contact, for instance Wiekstrom ’s Tesjo school epidemic, 
where only the Finnish children contracted the disease while 
the Swedish pupils escaped in spite of close proximity between 
the two categories during play. Bashford reporting on an depart- 
mental outbreak among post office employees has not been able 
to find one single contact case in the families of either of the 48 
jaundice cases. Beeeander refutes the conclusion reached by 
Wiekstrom and others that the simultaneous propagation over 
extensive areas should be incompatible with an ingestive infection 
by stressing the importance of improved communications and 
extensive distribution of victuals, and continues: »A droplet in- 
fection lasts a couple of months and seldom skips intermediary 
stations. Infection by ingestion has caused greater or smaller 
explosive outbreaks in connection with a well or water courses. 
We will now find another type, spreading slowly but obstinately, 
gaining a firm foothold in this place and passing by that. A 
characteristic feature of this mode of infection appeal’s to be the 
small explosive outbreaks in families. Hepatitis shows this mode 
of propagations (Transl. by author.) 

Many of the authors who have declared themselves to be of 
the opinion that hepatitis is a contact infection discuss more or 
less thoroughly the possibility of infection by ingestion. Thus 
Wallgren summarily rejects the idea of an alimentary infection 
in the same sense as typhoid or cholera. Wiekstrom, Bergstrom 
and several British authors pronounce the water to be »not 
guilty», on what appears to Bellander to be deficient evidence. 
According to the latter the accumulation in families of several 
almost simultaneous cases, which is so frequently met with in 
epidemic hepatitis, suggests an infection transmitted by water. 
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He adds prophetically : » Greater explosions can onty be expected 
in closed institutions. Particularly unfortunate circumstances 
such as an infected water main or infected food in canteens etc. 
are required to give rise to such outbreaks. » 

It is obvious to anybody possessing a first hand knowledge of 
the hygienic conditions prevailing in the greater part of the 
rural schools in Sweden that the alternative of an infection by 
water or food in schools cannot be ruled out off hand as "Wick- 
strom is inclined to do. 

Olix in a recent review on epidemic hepatitis maintains that 
waterborne epidemics of this disease have not been described. 
This is a remarkable statement considering that he himself in a 
report 1937 on an outbreak, investigated by him, to the Royal 
Medical Board admits the possibility of a waterborne infection, 
although in his opinion the beginning of the epidemic in January 
makes this interpretation less likely. Bellander who apparently 
has had access to the report in question points out that although 
contact had been shown in 18 cases out. of 29, 22 could be related 
to polluted water. 

The Osterby Brule outbreak reported on by Olin is by no means 
unique. In the same year the report on the Sunnana epidemic 
referred to later in this paper must have been brought to his 
notice. 

Cake Lundgken (1931) published a synopsis of the reports 
concerning hepatitis forwarded by the medical officers under his 
orders. Most of these accounts do not admit of any conclusions 
regarding mode of infection but the outbreak related by Hirsch 
is obviously due to water infection and therefore merits recapi- 
tulation. Among eight families all living in one barrack and 
drawing their water from the same well 12 persons took ill with 
hepatitis during Slay — December 3930. In the adjacent three 
barracks which had controlled water laid on, only one case of 
hepatitis occurred. 

Bellander has been quoted rather extensively on account of 
his stimulating critical reviews; the essential importance of his 
paper, however, is a detailed survey of an outbreak of epidemic 
hepatitis in the industrial village of Suraliammar 1939 — 1940. 
The author produces evidence that at least 77 out of 131 cases 
could be considered to have been infected by water from notori- 
ously insanitary wells. Here as elsewhere whenever an epidemic 
is investigated which might also be propagated by contact it is 
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difficult to assess the importance of the aerogene or droplet 
infection. 

One of the best authenticated descriptions of a hepatitis out- 
break undoubtedly transmitted by water is given by It. Fraser. 
His original paper unfortunately has not been available bnt a 
brief review (in the Kongr. Zbl. f. inn. Med.) gives the outlines 
of the story. The epidemic visited a university town in Canada. 
Among 620 students living in, 600 suddenly fell ill with gastro- 
enteritis. Agglutination tests indicated a Salmonella infection. 
Only a few eases occurred in the town population and these had 
used water from the well of the university. 2 — 5 weeks later 
173 out of the 600 contracted typical hepatitis. 

Glover and "Wilson have investigated a school outbreak of 
considerable interest. It occurred in a town of some 6,000 in- 
habitants in which three boarding schools are situated. Two of 
these are boy schools with 400 and 50 boys respectively, the third 
is receiving 250 girls. Scattered cases of jaundice appeared in 
the town as well as three in the boy schools in March. The total 
number of cases in the town during the time March — June is 
estimated at between 200 and 300. From June 3rd until July 4th 
32 boys caught hepatitis, the cases being fairly regularly distri- 
buted throughout the month, thus on an average about one a day. 
On July 14th an explosive outbreak took place, 13 boys falling 
ill ; the following day another 13 took ill and on the 16th, 9. 
Inside a fortnight an aggregate number of 95 cases was counted. 

The girls escaped completely although one of their mistresses 
took ill, presumably infected in the town. 

The earlier more sporadic eases observed in June were fre- 
quently combined with tonsillitis (10 out of 32) Which seems to 
have been interpreted as an initial symptom significative of con- 
tact infection. An accumulation of cases in certain dormitories 
was considered to be pointing in the same direction. A more 
plausible mode of infection seems to be the swimming bath used 
by boys from both schools but not at the disposal of the girls. 
The June cases probably have infected the bath to an increasing 
extent and a month later the explosion took place. A deglutition 
of infected water from the swimming pool certainly appears to 
be the likeliest explanation of this violent outbreak. 

Yenikomshian and Dennis have observed an epidemic of hepa- 
titis in a Lebanese village. 37 cases were distributed fairly evenly 
during four months. Water was supplied from a covered cistern 
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to practically all inhabitants. Bacteriological examination revealed 
a heavy contamination of the water by intestinal bacteria, which 
disappeared after chlorination. No hepatitis cases were reported 
subsequently. A water infection must- be suspected. 

Recapitulating it is remarkable how nearly all the epidemics 
believed to support the theory of ingestion, have occurred in 
closed and demiclosed institutions, such as sanatoria, boarding 
schools, barracks etc. Obviously it is easier to assess the different 
possibilities inside a limited area, where the hygienic and sanitary 
conditions can be closely investigated. When an epidemic disease 
gains a foothold in a wider area the continuously changing inter- 
play of cause and effect produces increasingly complicated con- 
ditions which ai’e hard to judge except after thorough personal 
field work. 

Even if, as has been shown, some epidemics of hepatitis have 
been found to have been transmitted by ingestion the fact must 
he kept in mind, that by far the great majority of investigators 
are adherents of the contact hypothesis. That such a mode of 
infection operates in sporadic eases has, as stated before, been 
shown by Selander and it can be reasonably maintained, that 
such contact cases should occur during an epidemic as well. Of 
course, the unanimous opinions expressed must carry some weight 
but it must also be stressed that quite definite proofs of contact- 
infection as being of supreme importance are lacking in the 
published accounts. Many of the published papers are based 
on notifications and second hand information and do not contain 
detailed analysis of case histories. In such circumstances the 
question must be left open. 

Maybe there is a tendency to be too dogmatic about contagious 
diseases; some of them are transmitted by contact, others — and 
in particular the enteric fevers — by ingestion of water or vic- 
tuals. In both cases exceptions naturally occur. Thus even in 
thypoid we meet with occasional contact infections and some 
diseases generally spread by droplets might occasionally be trans- 
mitted by oilier agents. The sorting of the diseases into well- 
defined groups according to modes of infection is dictated by 
considerations of the practical measures to be taken in order to 
prevent outbreaks. This does not exclude the possibility that 
certain diseases do not fit into the hard and fast scheme but 
might perhaps be propagated for instance to the same extent by 
contact and water. There is also always a possibility that a 
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disease might behave in different ways in this respect at different 
seasons of the year. Considering that the. question concerning 
the mechanism of infection in epidemic hepatitis has not yet 
been definitely solved, it is incumbent on ns to explore' every 
logical possibility and accordingly to postulate a propagation of 
the disease in alternative ways. 

Owing to local conditions one or the other of the types of 
infection enumerated above might predominate. 

The theory of contact infection could not be accepted without 
some explanation of how the virus is excreted and assimilated 
and by which route it eventually reaches the liver. "Wallgren 
has met the demand in elaborating a working hypothesis which 
has been generally accepted and quoted by subsequent authors. 
According to him the contagion enters as well as leaves the body 
by the way of the nasopliaiynx from where it is carried to the 
liver by the blood stream. To the extent to which hepatitis is at 
all spread by contact — and this appeal’s in particular to be the 
case in the sporadic cases with proven longer time of incubation 
(Selander) — the hypothesis fits the facts well. Some authors, 
however, Bergstrom, Glover and others seem inclined to consider 
the appearance of an initial sore throat as indication of a naso- 
pharyngeal entry of the contagion, which hardly can be the case 
considering the long time of incubation. 

Interesting observations on unusual transmission of hepatitis 
have been published off and on since 1925, when Flaum, Malmros 
and Persson made it likely that a nosocomial epidemic of hepa- 
titis among diabetics had been caused by inoculation with infected 
instruments at the laboratory. Later Steinttz and Lindstedt have 
recorded similar outbreaks. In his paper on the subject Lindstedt 
hesitates about accepting inoculation as the means of transmission, 
because the observed long incubation times do not agree with 
those found by himself and other writers. In fact they must, 
however, be said to conform excellently with the incubation times, 
found by Selander to be characteristic in sporadic cases. The 
of necessity feeble dose administered by contact and inoculation 
could be thought to require a longer time before giving rise to 
clinical symptoms. Further evidence of infection by inoculation 
has been produced by Propert and Mac Nalty who saw the 
disease break out after the administration of convalescent serum 
against measles, as well as by Findlay, Macallum and Murga- 
troyd who experienced an outbreak among persons inoculated 
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with vaccin against yellow fever, of which human serum formed 
a constituent part. The latter outbreak has been of considerable 
scientific importance in as much as by its investigation it has 
been possible to obtain conclusive proof of the virus nature of 
the hepatitis contagion. 

Struck by the similarity between the pathologic-anatomical 
pictures in yellow atrophy of the liver and in glomerulo-nephritis, 
Bergstrand has asked himself whether streptococcii might not also 
be the cause of hepatitis. At post mortem examinations he was 
able regularly to isolate strains of streptococcii of the viridance 
type from the intestine. These, however, were never found to be 
pathogenic when administered to different experimental animals. 
Wallgren also has tried to discover the virus by biological methods 
using rabbits and guinea pigs but. reports failure. More or less 
thoroughgoing etiological research work has been carried out in 
connection with the investigations into most of the epidemics 
reviewed above. Both bacteriological and biological methods were 
used on various material from hepatitis cases, such as stomach 
and nasopharyngeal washings, duodenal juice, serum, urine, 
faeces, etc., employing a great variety of experimental animals. 
Findlay for instance reports on experiments with 13 different 
animal species, among them mice. Yenikomshian too made use 
of mice as well as rabbits and guineapigs. In no instance has 
success been claimed until Andersen was able to produce dis- 
tinctly pathological alterations in the livers of pigs by feeding 
them duodenal juice obtained from hepatitis cases. 

When we turn to the clinical aspects of the disease the inter- 
rogation marks abound. In spite of the fact that a great variety 
of tests have been applied as a routine in examining the patients 
everywhere — as the numerous casuistic notes broadcast through- 
out almost every paper on the subject prove — one might search 
this literature in vain for intelligent analysis of even simple 
and obvious symptoms. An outstanding exception, however, is 
Selander who in his comparative study on sporadic and epidemic 
hepatitis has investigated closely some aspects of the symptomato- 
logy. As a rule, however, the initial stages of the disease have 
not been observed because the patients have not been admitted 
to the wards until later. 

In the present work the author has endeavoured to make a 
contribution to the present knowledge of epidemic hepatitis by 
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collecting and estimating facts as well as by conducting experi- 
ments on the following more or less unexplored points: 

1) The mode of infection. 

2) The general susceptibility as well as the morbidity in different 
age groups. 

3) The time of incubation. 

4) The nosography of the initial stage. 

5) The duration of the preicteric stage. 

6) The extent and duration of the disturbance in the distribution 
of bile pigments in the body brought about by the disease. 

7) The general physiological repercussions of the disease as in- 
dicated by various current clinical tests. 

8) The effects of the disease on the composition of the blood 
and on the functions of the kidneys. 



Material and Methods. 


The present work deals exclusively with conditions in the 
county of Viisterbotten in northern Sweden. This roughly rhombic 
area of 59,148 square kilometers stretches as a 200 — 250 kilo- 
meters broad belt in a SE : — NW direction from the Bothnian 
gulf to the Norwegian border, across the southern parts of the 
provinces of Vasterbotten and Laponia between Lat. N. 63° 30' 
and 66° 30'. The population on December 31st 1939 numbered 
218, 41S or on an average 4.0 to the square kilometer. Prom a 
glance at the map it will be gathered that the density of the 
population varies considerably, the coastal plain and the river 
valleys being comparatively thickly settled as contrasted with the 
scattered colonisation of the inland plateau and the mountainous 
backbone of the Scandinavian peninsula. (See map.) 

For the purpose of public health the county is divided into 
26 districts, each in charge of a district medical officer (D. HI. O.). 
These districts correspond to the rural parishes. The two towns 
form medical districts of their own. As responsible administrative 
and coordinative head of the medical service acts the medical 
officer of health (JL O. IT.). 

Demographic figures have been culled from the Statistical 
Yearbooks and from the M. 0. H. ’s annual reports. 

Epidemiological. 

The table registering the prevalence of epidemic jaundice has 
been compiled from the fortnightly reports of the D. HI. O.s’. 

The detailed information regarding the Hallnas epidemic has 
been extracted by the author from case records at the sanatorium 
and from the notes of the D. M. 0. in the Vindeln district. 

The D. HI. O.’s of Skelleftea and Vilhelmina have contributed 
available material from their respective districts. 

Bacteriological examinations of suspected water have been 
carried out at the Bacteriological State Laboratory in Stockholm 
(professor C. Kling). 
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and distribution of population according to Sten de Geer (Karta over 
figures approximately corrected for the date of January 1st 1938. 
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The investigation into the occurrence of porsine hepatitis has 
been conducted by the county veterinary surgeon (C. V. S.) with 
the assistance of district veterinary surgeons and veterinary sur- 
geons employed at the meat control stations. 

Clinical. 

The clinical facts worked up and analysed in the present paper 
are derived from 178 cases among the sanatorium population 
in Hallnas. The composition of this population at the onset of 
the epidemic as well as subsequent changes during the time under 
review has been recorded in table 5 together with the corres- 
ponding anatysis of the hepatitis cases. 

Besides giving information regarding sex and age distribution 
the table refers to three distinct categories, i. e. patients, staff 
and famity members of employees. Special consideration has 
been given to the coincidence of tuberculosis and hepatitis in the 
following chapters. 

In order to complement certain clinical dates not provided by 
the Hallnas material extracts were made from the records of 149 
uncomplicated cases of hepatitis, treated in the medical wards of 
the Central County Hospital in Umea during the years 1937 — 1941. 

Case histories and nosography. 

Patients records are very exhaustive about everything having 
a bearing on tuberculosis and give a fair idea about the general 
health of the patient at monthly intervals but detailed notes on 
the symptomatology of the nosocomial hepatitis infection are less 
comprehensive and show variation as regards detailing of subjec- 
tive complaints such as headache, itch, nausea and so on. Fre- 
quency and consistance of stools as well as the occurrence of 
vomiting, however, are by routine being entered on the tempera- 
ture graphs. 

Personnel are subject to medical examination before employ- 
ment and their health cards indexed. In case of illness notes are 
being entered on the health cards. These notes, liOAvever, are less 
detailed than those found in the ease records and as a rule give 
no information regarding minor discomforts. 

Famity members of employees have been attended by the house 
physicians during their jaundice illness and rough notes not con- 
taining any reference to subjective complaints have been kept. 
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With regard to objective observations and in particular tbe 
different tests for bile pigments in serum and urine, all three 
categories have been examined to the same extent and results care- 
fully registered. Five patients who took ill with jaundice after 
their discharge or when on leave in their homes have not had any 
laboratory tests made. In two instances the notes have been lost. 

Laboratory tests. 

Blood: All patients have the suspension stability of their 
erythrocytes tested at intervals of 3 weeks. The method is that 
described by Wester gren, the readings being made after one hour. 
Staff and family have not been tested. 

Haemoglobin estimates and counts of red and white cells have 
been made at irregular intervals employing respectively the 
Zeiss-Ieon haemoglobinometer and the Biirker counting cell. 
Differential counts of white cells form no part of the routine. 
Ten such counts have been made, however, in three jaundice cases 
among previously healthy personnel, the films being stained 
according to May-Griinewald and 200 cells counted. The same 
technique has been employed at the Umea hospital. 

Bile pigment in blood serum has been measured by the method 
recommended by Meulengracht at weekly intervals in jaundice 
cases of all categories at Hallnas. At the Umea hospital qualita- 
tive and quantitative estimates of serumbilirubin have been carried 
out according to Hijman van den Bergh and liver function judged 
by the galactose assimilation test. As a side issue to the clinical 
survey, an investigation into the normal values of the Meulen- 
graclit test and their variations was carried out on blood serums 
from healthy persons volunteering as blood donors. 

Urine. The urine of the sanatorium patients is regularly tested 
for albumen and glycose by the Heller and Almen tests. Sedi- 
ments are being examined microscopically in such cases where 
the Heller test reveals the presence of albumen. Diazo tests have 
been carried out in a great number of cases. 

The presence of bile pigments has been established by employing 
the Iodine test and the Sehlesinger tests for urobilin and uro- 
bilinogen. In a limited number of eases the Hammarsten reaction 
has been substituted for the iodine test. All tests have been 
uniformly carried out according to the technique usually employed 
at Swedish hospitals, i. e. according to the directions given by 
Lisa Brostrom in her manual of laboratory technique. ' • 
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Blood sample from one jaundice case treated at tlie medical 
clinic of the Central Hospital in Umea has been sent to the central 
laboratory of the Salilgrenska Hospital in Gothenburg (Professor 
Lehman) for estimation of citric acid and phosphatase in serum. 

In order to realize -whether a patient, who had been ill with 
symptoms of acute indigestion but where jaundice never had 
been observed and who could be suspected of having introduced 
the infection into the sanatorium showed signs of impaired liver 
function indicative of hepatitis, similar tests were carried out 
at the same laboratory. 


Statistical methods. 


Current statistical methods and formulae have been employed 
in the statistical analysis. The standard deviation, o, is calculated 
according to the following formulae: 


a = + 



where a indicates deviation from the mean and n the number 
of observations. When n exceeds 50 the following formula has 
been used: 



The standard error of the mean e(M) is computed according 
to the formula : 


s (M) = ± -$=. 

]/n 

The standard error of a percentage c(p) is obtained by means 
of the formula: 

6(1 >)=± ]/eMES, 

where p is the percentage and n the number of observations. 
The standard error of a difference e(D) is calculated according 
to the formula: 

s (D) = ± l/mj 2 + m 2 2 , 

where nij and m 2 indicate the standard errors of the means in 
question. 



Epidemiology. 


General Review. 

Although epidemic jaundice was not made notifiable until 1931 
it could be expected that epidemic accumulations of jaundice cases 
would have attracted the notice of the health officers, and one 
would accordingly expect to find references to the disease in their 
yearly reports. A looking up of back numbers of the yearly 
reports from the medical officers of health shows that this has 
been the case. 

»Icterus catarrhalis» is first mentioned in 1897 when an epi- 
demic spread during the summer months had been observed in 
the district of Asele. The following year 8 cases were reported 
in the Nysatra district as well as an undefined number of cases 
in the adjoining Bygdea district. In the following 15 years no 
reference is made to the disease, but in 1913 more than 100 cases 
of pronounced epidemic character are said to have occurred in 
the district of Stensele. In 1915 — 1916 the disease is reported 
to have been common in Asele and Ilorotea. In 1918 several 
cases appeared during the spring in Skelleftea, and in the same 
year the eases in the Yindeln district were so numerous that the 
district medical officer ventures the opinion that an infectious 
form seemed likely. Next time any reference is made is for the 
year 1928 when the district medical officer in the Umea rural 
district reports a great number of cases »of obviously contagious 
jaundice» during the autumn in particular in Holmsund and the 
villages surrounding the town of Umea. 

As notification of cases of jaundice became compulsory in 1931, 
but no cases — except 13 in 1933 — were notified untill 1937, 
it might be assumed that no other such cases have become known 
to the doctors in Vasterbotten in the intervening years. 

During the time under review, i. e. from April 1st 1937 until 
the last of June 1941, a total of 1,187 cases of hepatitis have been 
notified. It is impossible to say to what extent the registered' 
cases represent the actual morbidity. On the one hand one would 
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expect that in urban and suburban areas with accumulated popu- 
lations and medical advice within easy reach, the doctor would 
be called in to see most of the cases of a disease which after all 
starts with rather alarming symptoms and runs a prolonged 
course with considerable affection of the general status of the 
patient, whilst on the other hand in sparsely populated rural 
districts the doctors fees might act as a deterrent. It might also 
be argued, however, that a population which becomes familiar 
with a disease on account of an epidemic accumulation of cases 
in a comparatively confined area, quickly learns to recognize the 
nature of the ailment and having gained by experience from 
neighbours some idea about its general course and apparently 
har ml ess nature desists from seeking medical advice, whereas 
isolated families scattered in a rural district might more readily 
become alarmed by the rather dramatic onset of this particular 
illness. It might perhaps be safe to assume that the different 
factors discussed fairly outweigh each other so that the notified 
cases to a reasonable extent refleet the actual prevalence of the 
disease in densely as well as in sparsely populated areas. 

A scrutiny of the tables 1 and 2 and graph 2 reveals that the 
epidemic started in the rural district of Skelleftea, and as will 
be further expounded later in the suburban village of Sunnana. 
From there it spread in the first place to the town of Skelleftea 
across the river and later to the adjoining rural districts. Practic- 
ally all cases during the latter half of 1937 and the first half of 
1938 occurred in the northern part of the county surrounding 
Skelleftea, and these districts have been practically free from 
the disease since the middle of 1938. With regard to the concen- 
tric spread round the first centre of outbreak in Sunnana, the 
distances measured along the different roads converging on 
Skelleftea do not correspond to the maximums of morbidity as 
represented by the medians. This, however, has no significance, 
because there is a considerable difference with regard to commu- 
nication facilities between Skelleftea and the different rural 
district under review, and also with regard to the density of 
population along the different roads, some of which run for miles 
on end through uninhabited woods while others, for instance the 
coastal roads, wind through almost adjoining minor villages, 
xinyhow, as pointed out, a certain centripetal spread concentric- 
ally from the first outbreak can be traced with regard to the 
Skelleftea region in 1937—1938. 
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TABLE 1. 

Distribution of notified cases of hepatitis on the different districts during 
different months and years (1937 — 1941). 


District 

1937 

IV 

V 

VI 

VII 

VIII 

IN 

X 

XI 

XII 

1 

Skelleftea rural 


1 

■ 

1 

43 

59 

38 

19 

15 

2 

» town 



i£9 

II 

8 

34 

31 

30 

10 

3 

.Torn 

2 

■ 

■ 

1 

1 


11 

2 

2 

4 

Nvsatra 




1 

1 

2 

2 

3 


5 

Boliden 


1 

H 



4 

4 

11 

1 

6 

Byske 


K 

i 

■ 



8 

11 

12 

7 

Norsjd 




■ 


1 

2 

5 

3 

8 

Lovanger 


1 

1 



2 

2 



9 

Burea 


■ 


■ 


5 

13 

6 

8 

10 

Burtrask 


■ 

1 




6 



11 

Ivagedalen 


■ 

1 

■ 


1 

2 



12 

Bjurholm 

1 


■ 


■j 

■ 

m 


■ 

13 

Robertfors 


jjp. - ’ 


K 






14 

Stensele 

1 




H 

Us?* 



A' 

15 

Vilielmina 

a 

H 


H 

■ 


■ 


m 

16 

Umea town 

■ 

pjgjjl 

1 

| 

■ 

■ 

1 


m 

17 

Asele 

■ 

il 

■ 






mm 

18 

Umea rural 

I 


1 

1 

I 

i 

■ 

2 

B 

19 

Vannas 

■ 

w. 



■ 

■ 



I 

mm 

Vindeln 


iM 


■ 



| 


■ 

21 

Hornefors 


■ 

■Vi \ 

M 

■ 




■ 

22 

Lycksele 

I 

1 

■ 

1 

■ 

I 

■ 


m 

23 

Mala 




tag 

l 





24 

Sorsele 




|B| 

■ 


I 


■ 

25 

Tarna 

■ 

1 

1 

1 


1 

| 


■ 

26 

Nordmaling 

■ 

■ 

■ 

■ 

■ 



Si 

1 . 

27 

Holmsund 

fl | 







mm 

■ 

28 

All districts 

2 

— 

i 

8 

53 

108 

120 

94 

52 


435 


Tlxe subsequent cases seem to be scattered quite irregularly over 
tlie county. Two areas seem to bave been more or less totally 
unaffected, one represented by tbe south eastern part of the 
county, including the districts of Hornefors, Nordmaling and 
Holmsund, the other represented by the major part of the laponian 
area, this latter, however, with the important exception of the 
district of Vilhelmina. where a certain number of cases have been 
reported during most of the months from 1939 onwards. The 
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131 56 


arrangement of the districts in this middle group according to 
the medians of the cases does not give any clue to the mode of 
propagation of the disease when compared with their geographical 
position and means of communication. To judge by the medians, 
however, a certain tendency of a spread from the coast inwards 
against the flow of the rivers might be noted. 

It is beyond dispute that we have to deal with at least two 
distinct accumulations of hepatitis cases which must be charac- 
terized as epidemics. It is the Skelleftea epidemic and the Hallnas 
epidemic, both having peculiarities of their own which will be 
the main subject of the present work and accordingly dealt with 
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Table 1 (continued). 



64 55 


exhaustively later. In addition I feel inclined to considei’ that 
the hepatitis morbidity in the districts of Robertsfors, Vilhelmina 
and Yannas has been of a magnitude to permit of characterizing 
the disease as being epidemic. With regard to the rest of the 
districts, however, the few oases scattered over several years are 
more suggestive of the sporadic distribution as indicated by 
Selander. It mnst also be borne in mind that the notification 
reports do not admit of any specific localization of the particular 
cases inside the frequently very extensive areas covered by the 
different districts. The eases might be scattered over many square 
miles or be crowded into a village. Thus an incidence figure 
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Table 1 (continued). 



might at one time indicate several ’sporadic’ cases, at another 
time refer to a minor local epidemic in a single family or in a 
few neighbouring houses. 

When dividing up infectious jaundice in epidemic and sporadic 
cases the latter group obviously cannot always be considered to 
be homogeneous, because jaundice might develop in connection 
with various diseases. Of greater importance is the question 
whether we have to deal with a specific type of sporadic hepatitis 
in some way distinguishable from the epidemic variety or with 
chance variations of the same disease ranging between single 
cases and larger epidemics. 

























30 


ROLF HALLGREN 


Table 1 (concluded). 


District 

1941 

1937-1941 

I 

II 

III 

IV 

V 

VI 

1 

Skelleftea rural 


■ 

■ 

■ 

■ 

■ 

214 

2 

» town 







113 

3 

Jorn 




1 


1 

20 

4 

Nysatra 



1 


w H 


11 

5 

Boliden 

1 

SPpfts 


■ 

1 

1 

32 

6 

Byske 

1 



1 

■ 


43 

7 

Norsjo 

|| 

II 

SK 


|| 

HIP 

17 

8 

Lbyanger 

1 


BUB 




9 

9 

Burea 


1 

■n 


1 


71 

10 

Burtriisk 

HSU 

| 


OH 

In 


35 

11 

Ivagedalen 

M 

■ 

■ 

■ 

H 

■ 

7 

12 

Bjurholm 







10 

13 

Bobertsfors 







46 

14 

Stensele 





i 


11 

15 

Vilhelmina 

l 

i 

i 

5 

2 

i 

94. 

16 

Umea town 

l 

2 


3 

1 

4 

57 

17 

Asele 





2 


31 

18 

Umea rural 


5 

i 


5 

4 

70 

19 

Vannas 

11 

12 

9 

8 

3 

2 

79 

20 

Vindeln 


25 

29 

116 

10 

7 

195 

21 

Hornefors 







1 

22 

Lycksele 




1 



1 

23 

Mala 






3 

5 

24 

Sorsele 






1 

2 

25 

Tiirna 





1 

3 

4 

26 

Nordmaling 




4 


2 

6 

27 

Holmsund 







3 

28 

All districts 

13 

45 

40 

137 

26 

_27 

1187 


28S 


Selander distinguishes two separate diseases with differing 
times of incubation. He considers it proved that sporadic hepatitis 
has a very long stage of incubation. My material provides no 
contributions to this particular problem concerning the genesis 
of sporadic eases. There can be no doubt that my material is 
made up by epidemic hepatitis, but, as is shown by the tables, 
the extent of the different epidemics varies considerably. In 
some districts only comparatively few cases have been reported. 
In other words it is hard to say whether occasional cases of 
sporadic jaundice have been included. 

A peculiar position among the different areas tabulated is 
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Fig. 2. Semilogarithmic graph representing number of notified cases of 
epidemic hepatitis in the whole county of Vasterbotten during the time 

June 1937 — July 1941. 


taken up by the town of Umea on account of it being the ad- 
ministrative, judicial, military, educational and hospital centre 
for the whole county, entailing an immigration of people, in 
particular of school and military ages from a vast area. To what 
extent the hepatitis cases notified from XJmea have been imported 
by this influx cannot be estimated. 

The morbidity index worked out as number of hepatitis cases 
per 1,000 inhabitants might with due reservation for the entailed 
errors as discussed above give some idea about the prevalence of 
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TABLE 2, 

Percentage, of, cases in the populations of different districts. Times for 
the local epidemics expressed in medians; Distances in km. from Sunnami, 
where the first outbreak took place, to the centres , 
of surrounding districts. 


District 

Number 
of cases 

Popula- 

tion 

s, /i2 1939 

Pro 

mille 

Medians 

Kilo- 

meters 

Skelleftea rural 

214 

17.249 

12.0 

30. IN 1937 

0 

» town 

113 

8.389 

13.5 

15. X 

1 

.Torn 

20 

5.781 

3.5 

15. X » 

61 

NysRtra 

11 

3.803 

2.9 

10. XI » 

72 

Boliden 

32 

4.259 

7.5 

23. XI » 

34 

Byske 

43 

10.118 

4.2 

8. XII » 

32 

Norsjo 

,17 

7.142 

2.4 

10. XII » 

' 90 

Lovanger 

9 

4.660 

1.9 

6. I 1938 

52 

Bure a 

71 

6.144 

11.6 

15. I » 

20 

Burtriisk 

35 

10.005 

3.5 

22. I » 

41 

ICagedalen 

7 

4.571 

1.5 

15. II » 

22 

Total number of cases 






in the Slcelleftefi area 

572 

72.171 

7.8 



Bjurholm 

10 

6.825 

1.5 

5. II 1939 


Robertfors 

46 

7.306 

6.3 

ii. ii » 


Stensele 

11 

6.585 

1.7 

15. VII » 


Vilhelmina 

94 

10.807 

8.1 

18. XII » 


Umea town 

57 

13.160 

4.3 

8. IV 1940 


Asele 

31 

8.139 

3.8 

10. VI »> 


Umea rural 

70 

22.883 

3.1 

8. VII » 


V annas 

79 

7.142 

11.0 

16. I 1941 


Vindeln 

195 ' 

9.399 

20.7 

9. IV » 


HOrnefors 

1 

3.922 




Lycksele 

1 

11.957 




Mala 

5 

4.306 




Sorsele 

2 

5.828 




Tarn a 

4 

2.117 




Nordmaling 

6 

9.555 




(Holmsund) 

3 





Total number 

1.187 

212.052 

5.5 

3. X 1938 



the disease in the different areas. If so one could be inclined 
to adopt 6 °/ 00 as the limiting figure below which one would have 
to consider the cases to be sporadic. This of course provided that 
all the notified cases during the whole of the epidemic are in- 
cluded. The suggested limit of course is quite arbitrarily chosen 
and only warranted by a general impression of the prevalence 
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of the disease. The fig-tires seem to change so gradually that 
they do not. appear to suggest any marked difference between 
the epidemic and sporadic forms of the disease. Only further 
investigation built on research into possible etiological differences 
will be able to decide this issue. 

Having surveyed the general prevalence of epidemic hepatitis 
in the county of Vasterbotten as a whole the various local epi- 
demics will now become the objects of detailed study. 


The Sunnana epidemic. 

As may be judged from table 1 the hepatitis epidemic started 
with an explosive outbreak in the rural district of Skelleftea, 
where in the suburban village of Sunnana on the right bank of 
the Skelleftea river opposite the town of Skelleftea 7 cases of 
hepatitis were notified by the district medical officer during the 
end of the month of July, 43 in August, 59 in September and 
38 in October. 

The simultaneous mass infection seemed to suggest either a 
disease of the influenza type with short incubation and spread 
by contact or else an alimentary infection simultaneously exposing 
a large number of the community. 

The time of incubation in epidemic hepatitis has been estab- 
lished by Folke Lindstedt and others and found to be ranging 
between 19 and 36 days. Provided that this epidemic was iden- 
tical with those described by previous authors and running true 
to type with regard to incubation time an alimentary infection 
appeared to be the most probable. In such circumstances it is 
of interest to review the general sanitary conditions of the com- 
munity where the outbreak took place. 

The community of Sunnana has developed by the coalescence 
of the two adjoining villages Sunnana and Sorbole, see fig. 3, 
in which the dispersed rural house planning is gradually being- 
superseded by settlements of a more suburban type. In 1937 the 
component parts of the community still derived their water supply 
from different sources. Most of the houses in Sunnana proper 
are served by water pipes from the Skelleftea main, carrying- 
unimpeachable water from the lake Falktrasket to the town, while 
the inhabitants of Sorbole had to rely on wells for their water 
supply. These wells are without exception very unsatisfactory 
from the sanitary point of view. They are shallow and insuf- 
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ficiently protected against pollution by surface water. During' 
seasons of drought they run dry. 

This was the case during the exceptional dry and hot summer 
of 1937. Thus deprived of their water supply, the inhabitants 
of Sorbole had to resort to the Skelleftea river. Owing to similar 
exigencies in earlier years a number of private conduits each 
serving a couple of the later erected houses had been installed 
by which river water ay as distributed to a great number of the 
households. On account of the considerable pollution of the river 
water, the county government had in 1936 prohibited its use for 
domestic purposes. This decree, however, was never conformed to. 

According to the district medical officer by far the greater 
majority of the first reported eases of hepatitis occurred in the 
Sorbole part of Sunnana, Avhere river water was laid on, whereas 
in the beginning only a few scattered eases became knoAvn from 
the Sunnana part of the community or from the town of Skel- 
leftea opposite the river. This naturally gave rise to a suspicion 
that the contagion might be transmitted by water, and the situa- 
tion seemed to call for a sanitary inspection. This revealed 
appalling conditions. Along the southern bank of the river a 
number of pump units had been installed. The suction pipes were 
carried out only a feA\ r meters beyond the Ioav water level. No 
arrangements for filtering or chemical purification of the polluted 
river water had been made anywhere. The suction pipes were 
spaced out at different distances from each other, varying between 
10 — 15 meters. Alternating with them were found a series of 
drains and Avaste pipes, carrying away the exeretas of the A’illage. 
These sewers Avere not carried out into midstream, but some ended 
at the same leA r el as the Avater intakes, and some further inshore, 
forming stinking pools of rotting sewage in backwaters and eddies. 
In one particular place the greyish stream of seAvage could be 
traced along its entire course from the seAver to the water pipe. 
As could be expected under such circumstances the samples from 
different household taps, belonging to the different »water AVorks» 
shoAved high coli titers, i. e. > 10,000 coli per liter. 

According to the accepted views of almost all authors on the 
subject at that time epidemic hepatitis was supposed to be trans- 
mitted exclusively by contact. On account of this conception no 
steps had been taken at the onset of the Sunnana epidemic to 
chart and register the cases as Avell as one would have Avished. 
The only dates uoav available have been collected from the notes 
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of the district medical officer, from which may be gathered that 
all the 7 first known cases notified in July occurred in Sorbole, 
that out of the 43 cases notified in August, the 59 cases in Sep- 
tember, the 38 cases in October ; 27, 25 and 9 respectively occurred 
in Sorbole. Instead of carefully recorded facts one had to be 
content with vague general impressions, and by the time these 
seemed to point into the direction of defective water as the trans- 
mitter of the disease the suggestive, original, epidemiological 
picture had been blurred by the spread of the secondary mass 
infection to the adjoining areas. In such circumstances all one 
could do was to prevent further distribution of polluted water 
by enforcing the county government’s prohibition. 

The experience left a lingering feeling of a rare opportunity 
missed to probe into the secrets of epidemic jaundice and led to 
a firm resolution not to waste the next chance should it come 
my way. The conclusions, such as they were, together with epi- 
demiological facts, were worked into a report to the Royal Medical 
Board by my successor as a locum tenens to the M. 0. H. This 
report was submitted by the Royal Board to their scientific coun- 
eellor on bacteriology, professor Carl Kling, who expressed as 
his opinion that the water infection theory was not likely, and 
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who quoting- Thune Andersen’s recent research suggested that 
an investigation should be carried out into the possibility of the 
epidemic, being due to infection by pork from pigs, suffering 
from hepatitis. Conforming to this suggestion a circular was 
issued by the county veterinary surgeon to all district veteri- 
naries, exhorting them to pay special attention to the occurrence 
of hepatitis in hogs. 

By far the greatest number of pigs raised in the county of 
Vasterbotten are being slaughtered at the collective abattoirs at 
which organs are examined by specially trained veterinary sur- 
geons. In spite of the special attention paid to the possibility of 
jaundice and hepatitis not one single ease has been reported from 
any of the meat controlling stations in the county during the 
time 1937 — 1941, neither have any instances become known where 
living pigs have been found to be suffering from jaundice. 
According to reports 18,159 livers have been examined. 

The Vilhelmina epidemic. 

More detailed information is given about two separate local 
accumulations of cases. 

In the home for the acjed at Vilhelmina with an average 
number of 35 pensioners and a staff of 7, 9 cases of hepatitis are 
reported between January 1940 and May 1941. Only one of the 
inmates came down with the disease, whilst the 8 other cases 
occurred among the staff. Thus: 3 attendants took ill within 
1 1 j s months, 1 within 2 months, 2 within 3 months and 1 case 
5 — 6 months after taking up work at the institution. 

The first case, an attendant previously domiciled in the village 
of Volgsele, joined the staff on October 1st 1939 and took ill 
with hepatitis in January 1940. She is unaware of contact with 
hepatitis cases either in her family or in her native milage. In 
April one of her colleagues who had been employed at the alms- 
house for several years fell ill. Whether she has been infected 
by the newcomer or not, cannot be estimated. 

The next 4 cases occurring at, on an average, monthly inter- 
vals, seem to suggest contact infections. During the last quarter 
of 1940 hepatitis was absent. 

An attendant, employed on November 1st 1940 took ill with 
hepatitis in January 1941, and subsequently two other employees 
came down with the disease in March and May respectively. 

Hepatitis has apparently been endemic in the home for the 
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aged at Vilhelmina, tlie young employees becoming infected about 
two months after tlieir arrival. 

The second accumulation occurred in the isolated crofter’s 
cottage, Valltorpei, occupied by a family of eight of which five 
members took ill on respectively the following days; March 31st, 
April 12th, 21st, 22nd and 23rd 1941. In addition a relative 
paying a chance visit, on April 11th subsequently caught the 
disease. 

The infection had apparently been imported by two sons who 
had been working as lumber men in Skog where hepatitis was 
said to be prevalent at the time and who probably were in the 
incubation stage when they arrived home. 

The fact that their sister who had not been away from home 
for months was the first to fall ill points in the direction that 
the disease might be transmissible during the stage of incubation. 

Obviously the spread is facilitated by the intimate contact 
prevailing in an overcrowded house with poor sanitation. 

The Hallniis epidemic. 

In the last week of February 1941 the district medical officer 
of the district of Vindeln notified 25 cases of jaundice, all occur- 
ring almost simultaneously in the sanatorium at Hallniis. On 
approach the medical superintendent confirmed the facts and 
gave the information that the cases had occurred at the same 
time, not only among the patients and nursing staff but in the 
doctors’ families and in the households of other personnel living 
within the sanatorium precincts but having housekeeping of their 
own. Obviously the causal agent must have been administered 
at the same time to these separate categories of the sanatorium 
population. 

The Hallniis sanatorium of 340 beds and with an aggregate 
personnel, including families domiciled on the premises, of 135, 
i. e. a total population of 475, is situated on a sloping hill above 
the adjoining village of Hallniis of 539 inhabitants. 

The different sanatorium sections and wards are by no means 
to be considered as watertight compartments. Only about two 
thirds of the patients are permanently bedridden, whereas the 
rest are up and about most of the time, assembling at meals in 
the common dining hall and for recreation in the libraries, lecture 
halls and club rooms, thus providing opportunities for contact 
infection between patients from different wards. 
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The patients in each section have their lavatory facilities in 
common, making indirect infection at least theoretically possible. 
As there is a constant interchange of individuals between the 
category treated with restcnres in bed and that formed by 
improving cases which are allowed to dress and move about 
for varying hours, it has been impossible to find out, whether 
there is any difference regarding hepatitis incidence in these two 
categories. 

At Hallnas, cases of hepatitis both among patients and per- 
sonnel have been confined to bed immediately at the onset of 
illness, thus reducing the exposures to contact infections. Trans- 
mitting by contact ought primarily to have taken place in the 
wards, where nurses and sick attendants assisting the sick and 
handling their soiled linen and utensils were those most exposed, 
wardmates coming next. 

There is a fairly lively communication between the sanatorium 
and the village, both personnel and patients paying occasional 
visits to the village for the purpose of shopping and so on. 

The families of the sanatorium staff buy their food supplies 
in the village, whereas the sanatorium itself is victualled from 
wholesale dealers. Pasteurized milk and dairy produce is supplied 
to the sanatorium from the local dairy, whereas at least some 
of the families obtain unpasteurized milk directly from different 
farmyards. 

Pork is provided from the pig herd raised on the sanatoria! 
premises on offal from the kitchen which is boiled before being 
fed to the pigs. This boiled pig food contains by itself so much 
water that no additional water is supplied for drinking purposes. 
It might, however, be noted that the sties are being flushed with 
water from the reservoir, thus providing a possibility for the 
pigs to become infected, should the water be proved to be the 
vehicle of the infectious agent. So far there has been nothing 
the matter with the 35 pigs, and two batches of five killed in 
April and July respectively were carefully examined by the 
veterinary surgeon who was unable to find any trace of jaundice 
or hepatitis. Material obtained from the slaughterings was for- 
warded to the department of pathology and bacteriology at the 
central hospital in Uinea, where the livers were found to be 
microscopically normal. 

When considering the facts of the outbreak from the etio- 
logical point of view it must be taken into account that the 
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clinical picture presented in these cases can be reproduced by 
poisons such as phosphorus, secale and others. Vitamin deficiencies 
and various substances derived from decomposing material might 
also according to Brugsch produce jaundice. Phosphorus is used 
on a small scale for the purpose of killing pests, but no poisoned 
baits have been laid out anywhere near the sanatorium. Ergotism 
on such a large scale would have indicated a most unlikely flour 
adulteration certainly causing cases among other consumers. 
There has been no alteration entailing vitamin deficiency made 
of late in the sanatorium fare. As to Brugsch’s: »Auf vermenta- 
tivem Wege aus versehiedenen Nalirungsstoffen entstehenden dys- 
pepsierzeugende und ieterogeue Stoffe» which are produced : 
»besonders in heissen Sommertagen» it is hard to see why this 
hypothetical poison production should have started suddenly in 
midwinter. Lastly, any agent of the poison group would, if ad- 
ministered at the same time to the entire population, have pro- 
duced an absolutely simultaneous intoxication whereas instead 
the incidences are spread over a period of 9 weeks. 

As the water supply was common to all the inhabitants I 
thought it advisable to have the water examined bacteriologically. 

The sanatorium derives its water supply from two different 
sources, one being the Vindel river and the other a natural well 
in the sanatorium park which had been enlarged and converted 
into a concrete tank, sunk through the morain gravel right down 
to the underlying primaeval rock. The dimensions of this con- 
crete tank is roughly 4 X 5 X 1-5 meters (see fig. 4). 

Water is pumped by separate pumps from the Vindel and 
from the well and mixed in a high reservoir with a capacity of 
ISO tons, from which it is distributed by pipes to the sanatorium 
as well as to the scattered houses inhabited by different func- 
tionaries. 

The bacteriological report showed a considerable contamination 
of the water >240,000 (dextros 45°) and >25,000 (lactos 37°) 
coli per liter being found in water from the reservoir and from 
the well, whereas water from the Vindel river was tolerably un- 
contaminated <10 (dextros 45°) and <20 (lactos 37°) coli 
per liter. 

The obvious step of excluding the well from the water system 
was taken on March 14th. The 150 tons of polluted water stored 
in the high reservoir was, however, overlooked. As the average 
daily consumption is 130 tons, a rapid dilution of the contamined 
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I ig. 4. The brick building m the background is the pump house erected 
on top of well. In bottom of opened trench the exposed sower can be 
seen and its proximity to the well can be judged. (Photographer Doctor 

Malmqvist.) 


water took place during the following days. According to a rough 
estimate the high reservoir contained 7 times diluted well water 
on the loth, 50 — 60 times on the 16th and as much as 400 times 
on the 17th. For the purpose of argument when discussing the 
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Fig. 5. Close up view of corroded sewer. (Photographer Doctor 

Malmqvist.) 


epidemiological significance of the contamined water suppfy, I 
accordingly have chosen the 16 th March as the day when the well 
could be considered to be excluded from the water system of the 
sanatorium from a practical point of view. Infrequently tapped 
branching pipes might have contained polluted water for several 
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days. To safeguard against this possibility the stored up water 
was ordered to be desinfected with chloride of lime on March 25th. 

A sanitary inspection on the spot on March 23rd revealed that 
the main sewer of the sanatorium, a 9" concrete tube had been 
laid down in the sloping ground above the well, from which the 
ground water diffuses to the fountain. In its further course it 
is only at a distance of 4 yards from the concrete tank. It had 
been observed on a previous occasion 8 years ago that the con- 
cx-ete tubes were liable to corrosion from the outside. At that 
time too the well became polluted. 

As no other source of contamination could be traced, it was 
concluded that the waste pipe must be responsible. An attempt 
to prove the cori-ectness of this assumption by pouring a solution 
of methylene blue down one of the sinks in the sanatorium failed, 
however, no coloration of the water in the well being observed. 

On account of the frozen ground it was impossible to expose 
the soil pipe at that time, but this was done late in June, when 
the pipes were found to be extensively corroded, both sockets and 
spigots falling to pieces in several places. It has not been possible 
to tell from the appearance of the damaged drain during what 
length of time the sewer might have been leaking (see fig. 5). 

On February lltlx 1941 the day when the first case of hepatitis 
occurred the population at the sanatorium of Ilallnas numbered 
477 of which 342 were patients, 108 pei-sonnel and 27 family 
membei's of the different funtionaries living on the premises. 
During the time from Februaiy 11th until March 16th when the 
polluted well is considei-ed to have been excluded from the water 
supply 59 patients were admitted and 11 persons joined the staff, 
whereas the number of family membei's only increased by 3 per- 
sons. The total number of persons exposed to hepatitis infection 
transmitted by water thus is 550. A considerable but indefinite 
number of these individuals have of course also been exposed to 
infection by contact in varying degrees. Dui'ing the time after 
March 16tli when the infected water can be considei’ed to be 
eliminated until June 26th, exactly one month after the falling 
ill of the last case ixx the epidemic, there has been a total immi- 
gration of 188 people of whom 156 were patients and 32 per- 
sonnel. By far the greater part of the latter were loeums who 
had to be called in to fill the vacancies caused by hepatitis among 
the staff of sick attendants and servants. 

Out of the 550 persons refeiTed to above 177 came down with 
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TABLE 3. 

dumber of cases of hepatitis taking ill on different dates at the Hallnas 
sanatorium. n = number of cases. 


Date 

n 

Date 

n 

Date 

n 

Date 

n 

11.2 

1 

5.3 

0 

27.3 

4 

IS. 4 

1 

-|9 9 

1 

6.3 

0 

28.3 

u 

O 

19.4 

0 

18.2 

0 

7.3 

0 

29.3 

12 

20.4 

0 

14.2 

3 

S. 3 

0 

30.3 

7 

21.4 

0 

15.2 

0 

9.3 

0 

31.3 

S 

22.4 

1 

16.2 

5 

10.3 

1 

1.4 

S 

23.4 

0 

17.2 

5 

11.3 

0 

2.4 

7 

24.4 

0 

IS. 2 

2 

12.3 

0 

3.4 

5 

25.4 


19. 2 

o 

13.3 

0 

4.4 

3 

26.4 


20.2 

3 

14.3 

2 

5.4 

6 

27.4 


21. 2 

1 

15. 3 

0 

6.4 

1 

28.4 


22.2 

9 

16.3 

0 

7.4 

6 

29.4 


23.2 

0 

17.3 

0 

8.4 

4 

30.4 

0 

24.2 

1 

IS. 3 

1 

9.4 

5 

1.5 

1 

95. 2 

3 

19.3 

0 

10.4 

2 

2.5 

0 

26.2 

0 

20.3 

2 

11.4 

1 

3.5 

1 

27.2 

0 

21.3 

0 

12.3 

4 

4.5 

0 

28.2 

1 

22.3 

0 

13.4 

1 

5. 5 

1 

1.3 

0 

23. 3 

1 

14.4 

6 

6.5 

1 

2.3 

1 

24.3 

11 

15. 4 

5 

7. 5 

0 

3.3 

0 

25.3 

S 

16.4 

0 

8.5 

0 

4.3 

0 

26. 3 

s 

17.4 

0 

Total 

173 


hepatitis during the time February ,11th to May 7th. In addition 
one of the medical staff took ill with hepatitis on May 27th. (See 
table 3 and fig. 6.) — Of these 124 were patients, 45 personnel and 
9 family members. Among the 188 persons who joined the sana- 
torium population after March 16th, when the well was excluded, 
no one caught hepatitis, although most of them arrived during a 
time when the sanatorium was literally soaked with the infection, 
and hepatitis cases in varying stages were distributed throughout 
all sections and in most of the wards and no attempts at isola- 
tion had been made. Thus 6 patients were admitted during the 
first week, 5 during the second week, 5 during the third week, 
6 during the fourth week, 8 during the fifth week, 6 during the 
sixth week and 16 during the seventh week after the exclusion 
of the well. 

Realizing the importance of this assertion great care has been 
taken to check the fact by going through all the case records 
and by taking the evidence of the medical staff. The medical 






















Fig. 6. Number of cases of hepatitis in the sanatorium population at 

Hallniis. 


1 = mode in first outbreak = 16.20 = February 16th 

2 = median » » =18.00 = » 18th 

3 = mean » » = 19 ± 0.81 = » 19th 

4 = date when polluted well was excluded = March 16th 

5 = mode in second outbreak = 26.12 = » 26th 

6 = median » » = 31.24 = » 31st 

7 = mean » » = 2.IY + 0.82 = April 2nd 
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SUCTION 17 SECTION 



Fig. 7. Plan of sanatorium at Hiillnas with location of hepatitis cases 
marked by chronological numbers and dates of onset. 
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superintendent in a letter dated July 3rd 1942, has volunteered 
the following testimony: 

»Only two cases of jaundice have occurred in patients admitted after March 
»16th. 242/41. J. K., 27 years, from Vanfors, district Viinnas. Admitted 
»on June 7th. Had taken ill with indigestion in the middle of May, 1941. 
»XJrine dark, jaundice one week later. Many neighbours suffering from 
^jaundice. As far as I know Vanfors is situated on the river Vindel. 
>354/41. G. D., 20 years, Karlsgard, district Sorsele. Admitted suffering 
»from pleurisy, on July 21st. Indigestion July 28th and 29th. Jaundice 
» August 2nd.» 

(Transl. by author.) 

The sanatorium is also the tuberculosis centre (dispensar) for 
roughly a third of the population of the county. Many of its 
frequentors have previously stayed in the sanatorium and are in 
the habit of going to see friends and relatives in the wards in 
connection with their visits. 

This practice was not discouraged during the epidemic and 
accordingly a substantial proportion of this clientele must be 
considered to have been exposed to contact infection. Thus if 
such a mode of infection had been in operation one would expect 
to find some hepatitis cases in this cathegory. A perusal of the 
records of all the out door patients during the first half year 
1941, numbering 340, has shown that not a single one of these 
individuals has caught the disease. 

During the first week of the epidemic 14 cases occurred simul- 
taneously in different wards and in addition one of the nursing- 
staff, one of the maids, one doctor’s wife and one stoker went 
down with hepatitis. During the whole time the epidemic has 
continued to strike in the same arbitrary way without noticeable 
preference for any particular locality (see fig. 7) or category and 
whatever the home parish of the patient. 

By far the greater number of cases had been staying for several 
months in the sanatorium. No evidence could be elicited either 
from any of those taking ill with hepatitis or from anybody 
admitted within the last two months before the outbreak indi- 
cating contact direct or indirectly with hepatitis cases. One ex- 
ception, however, is to be noted, a patient admitted on Dec. 7th 
1940 who had been working for several years at the home for the 
aged at Villielmina, where, as previously stated, a number of 
hepatitis cases had occurred. She had taken ill herself at the 
beginning of November 1940 with epigastric pains, indigestion 
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and vomiting lasting for more than a month. She liacl, however, 
never noticed any discolouration of skin or sclerae. During the 
first week of her stay in the sanatorium she was still suffering 
from nausea and was running a temperature. The assumption 
that her indigestive troubles were due to an attack of hepatitis 
was confirmed by the result of an analysis of citric acid and 
phosphatas in serum carried out on 22nd July, when these sub- 
stances still were shown to be present in increased concentrations 
or 31.0 and 3.6 mg. respectively, values indicating lesion of the 
liver tissue. Considering that the patient in addition was suf- 
fering from pleursy and that this disease is known usually to 
depress the citric acid value, the observed titer of citric acid 
must be considered significant. Although not conclusively proven 
it might be mentioned here that her faeces were examined in 
connection with the general etiological investigation and that 
baeteriologically sterile Berkefeld filtrate from this material 
caused when injected into a mouse necrotic changes in the liver 
similar to those seen in animals inoculated with material from 
hepatitis eases. 

Weighing the evidence provided by the Hallnas epidemic it 
seems obvious that mass poisoning or intoxication as well as 
vitamin deficiencies must be ruled out as causative factors, and 
that the outbreak can only be explained by assuming infection 
by a specific organism. Such an assumption is perfectly com- 
patible with all the facts and confirms the views of all previous 
authors on the subject except Brugsch. 

The question of the nature of the contagion will be dealt with 
in greater detail in the concluding part of this paper. Suffice 
it is to mention here that the probability of a spirochaetosis 
icteroliaemorrhagica as well as that of an infection by bacillii 
belonging to the typhoid, paratyphoid, Gartner and Bang groups 
has been considered and that serological tests have failed to estab- 
lish any connection between these microbes and actual hepatitis 
cases of Hallnas. 

Having decided on a specific contagion as the cause of the 
Hallnas hepatitis epidemic, the question arises about the mode 
of infection. 

Authors who have approached this subject have ventured the 
opinion that the disease is spread by direct contact. Thus Wall- 
gren writes: »Das Virus verliisst den Organismus walirscheinlich 
teils mit der Galle, moglicherweise auch mit dem ITarn, teils mit 
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clem Nasenrachensekret. Das Virus wire! von der letzteren Aus- 
gangspforte auf den Raclien einer anderen Person iibertragen, 
durcMringt die Rachenselileimhaut und fiilirt zu einer Blut- 
infektion, erreieht auf dem Blutwege die Leber und greift dieses 
Organ an.» 

Epidemiologic analysis lias not permitted of any decisive con- 
clusions regarding the time during which a case of hepatitis is 
infectious. Only systematic research on the infectiousness during 
all stages of the disease of various secreta from a sufficiently 
large number of cases can decide this question. 

The long incubation time, however, seems to suggest a period 
of adaptation or multiplication of the apparently singularly 
hepatophile agens. The liver might eliminate the circulating virus 
from the hepatic or portal system or both up to a point, its paren- 
chym becoming increasingly injured in the process. When the 
damage sustained reaches a certain extent the clinical symptoms 
of disease set in. That an accumulation of virus in the liver 
takes place seems exceedingly likely and the bile ought to contain 
it in higher concentrations than any other obtainable material. 

Assuming this reasoning to be correct there is a theoretical 
possibility that the contagion is eliminated by the stools and 
urine during the time of incubation and disease. Vomited matter, 
however, can be expected to be particularly infectious and is 
most likely to be the ordinary vehicle of infection. Direct aboral 
transmission indicates bad hygienic habits and unsatisfactory sani- 
tary conditions, such as can be found in overcrowded cottages 
where two or even three members of a family share a bed. 

Under reasonably hygienic conditions, for instance those pre- 
vailing in a modern hospital or sanatorium, the infectiousness 
by contact should thus be expected to be limited to the period of 
clinical illness and in particular to the stage of vomiting. 

On the face of it obviously a great portion of the cases could 
be explained as due to contact. From table 4 may be gathered 
that no less than 40 cases out of 70 could be explained as possible 
contacts in wards when correlated to previous cases by applica- 
tion of the accepted time of incubation. 

In this connection the last case of the epidemic is of particular 
interest. As stated before the lady house physician was the last 
to contract the disease. She had been attending the patients 
throughout the epidemic and took ill on May 27th, 71 days after 
the closing of the well. She lived in the same flat as a colleague 
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and Iris family, sharing the bathroom and toilet facilities. This 
doctor’s wife took ill on February 17th and the husband himself 
on April 22nd. Considering the long time elapsed after the eli- 
mination of the well the infection in this case can hardly have 
been due to contaminated water. Although having obviously 
been exposed to water borne infection for at least one month 
as well as to air borne and droplet infection for three months she 
escaped falling ill until the disease had actually invaded her 
intimate surroundings, a circumstance .suggestive of an intensified 
exposure. 

The obvious explanation of this fact, however, seems to be an 
altered susceptibility, a phenomenon which according to experi- 
ence is of every day occurrence in various contagious diseases. 
The phase of non-receptivity in that case must have lasted for 
an appreciable length of time or at least two or three months. In 
this case contact infection can not be excluded. 

If we turn to the table 5 we will find that there has been 54 
cases of hepatitis among the personnel. If these persons had only 
run the same risks in the different age groups as the tubercular 
patients 36.6 would have caught the disease. See table 6. 

The difference 17.5 ± 5.1 is thus statistically proved and sug- 
gests that they should be more exposed which also has been 
pointed out. above. The alternative idea that tuberculosis should 
confer a relative immunity against hepatitis virus is too fantastic 
to be seriously entertained. The discrepancy in morbidity between 
patients and personnel does not seem to provide a strong argu- 
ment in favour of contact infection but indicates that contacts 
may be of some importance. 

The following facts, however, run contrary to the conception 
that contact, should play a conspicuous part in the spread of the 
disease. Thus 

1) only two cases that cannot be traced to water imbibed at 
the sanatorium have occurred in the adjacent village of Hallnas 
with separate wafer supply but rather lively intercourse with 
the sanatorium population. 

2) no cases have occurred among patients or personnel arriv- 
ing at the sanatorium after the exclusion of the polluted well, 
although their exposure to contact infection has been heavy owing 
to the great number of unisolated hepatitis cases in wards. Neither 
has any of the about 300 outdoor patients visiting the tuberculosis 
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TABLE 5. 

Frequency of diseased persons among tbe patients and the personnel and 
their families. P±r(P)~per cent of the population (~ 2s) ± standard 
error of the' percentage. D ± s(D) = difference ± standard error of the 
difference. A positive difference signifies that patients have 
shown higher morbidity. 



N 

Hepatitis 

cases 

Pdt<P) 

D± e(D) 

Patients 

193 

60 

31.09 ± 3.33 

1 

Men Personnel and 





family members 

28 

11 

39.29 ± 9.23 

] 

Patients 

208 

64 

30.77 ± 3.20 

i 

Women Personnel and 





family members 

121 

43 

35.54 ± 4.35 

1 

. Patients 

dOl 

124 

30.92 ± 2.31 

1 

Both sexes Personnel and 




>— 5.32 ± 4.50 

family members 

149 

54 

36.24 db 3.94 

f 


TABLE 6. 

Frequency of the disease among patients and personnel with family. 
N — number of cases. 


Age in years 


Patients 


Personnel and family members 


N 

Hepatitis 

Hepatitis 
in % of 
25 = a 

Total 
— n 

observed 

number 

% of n 

expected 
number 
— a . n 

12 

1 

8.33 

7 

1 

14.29 

0.58 

18 

5 

27.78 

4 

1 

25.00 

l.ll 

37 

15 

40.54 

4 

2 

50.00 

1.62 

73 

30 

41.10 

3 

3 

100.00 

1.23 

110 

47 

42.73 

42 

25 

59.52 

17.95 

63 

14 

22.22 

26 

8 

30.77 

5.78 

30 

7 

23.33 

19 

7 

36.84 

4,43 

18 

1 

5.50 

14 

5 

35.71 

0.78 

IS 

4 

22,22 

14 

2 

14.29 

3.11 

9 

— 



1 

- 





10 




1 

. 




2 


— 

10 




— 

1 

— 

— 

3 
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— 

— 

~~ 

1 

— - 

— 

— 

193 

60 

31.09 

28 

11 

39.29 



208 

64 

30.77 

121 

43 

35.54 

— 

401 

124 

30.92 
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54 

36.24 
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of these hepatitis 
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dispensary at the sanatorium during- the time of the epidemic 
contracted the disease. 

3) finally one ease of hepatitis, a conscript soldier from Vil-. 
lielniina joining the colours in Uniea, has failed to give rise to; 
any contacts, although the soldiers are living in crowded quarters, 
20 persons sharing a sleeping compartment. 

A water borne infection is suggested by 

1) the sudden outbreak, long domicile in sanatorium of cases 
and no proved contact, with jaundice cases for at least three 
months before outbreak. 

2) practically simultaneous falling ill of 

patients in different wards with comparatively little com- 
munication between them 
medical stuff 
nursing staff 
economy staff 

engineering staff (no contact at all with patients and 
hardly any with the rest of the staff) 
household members of staff with separate housekeeping and 
no direct contact with sanatorium population. 

3) proved considerable pollution of water supply traced to the 
sanatorial sewer, 

4) in a pig which has been given water from the polluted 
well and subsequently killed microscopical examination revealed 
necrotic and inflammatory liver changes of the type observed 
by Tli. Andersen whereas 9 controls showed normal livers. 

5) sudden cessation of epidemic on date corresponding to maxi- 
mum incubation duration after date when infected water supply 
was excluded. 

Assuming «a water borne infection, the chronological distribu- 
tion of cases seems to suggest that the water had been infected 
to a less extent at an earlier date — such as might be the case, 
if the suspected carrier from the home of the aged at Vil lielniina 
actually had been excreting the contagion during her slay at the 
sanatorium — and that consequently some persons have con- 
tracted the disease. They in their turn polluted the water more 
intensely causing a new and larger epidemic outbreak. From 
this point of view we should have to deal with two epidemics. 
If so it must be assumed that the contagion does not multiply in 
water and disappears after some time. As shown by the fig. 6 
and table 3 representing the distribution of the cases two distinct 
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maximums on resp. February 18tb and April 1st are discernible. 
Tlie medians differ sliglitly from the average means indicating 
a certain but not very marked skew distribution. This can be 
explained as a skew variation of incubation times with two iden- 
tical modes of infection at two different times. If so the distance 
between the maximums of the epidemics ought to be equal to the 
time of incubation. This is borne out by other observations, the 
distance being 42 days. (In order to determine more exactly the 
time when a maximum of persons took ill the modes have been 
computed using the folloAving formula: M 0 = 3M(D) — 2 M; the 
corresponding dates were found to be February 16th and March 
26tli respectively (38 days interval). 

Finally it must be kept in mind that the well was excluded 
on March 16th and that the last case occurred on April 19th, • 
after which day only single cases are reported at irregular inter- 
vals until May 7tli (34 — 52 days). This could be expected in 
case of a water borne infection. The time elapsed exceeds some- 
what the average time of incubation. One has of course to count 
with time variations around maximums slightly higher than the 
means. 

The skew distribution can be explained at least in two ways. 
One possibility is an initial explosive outbreak as seen in water 
borne infections and subsequently a smaller number of contacjt 
cases. Considering the length of the time of incubation this inter- 
pretation appears less likely, because if so, single contact cases 
would occur at a greater distance from the mean of the epidemic. 
Nor is it compatible with the fact that immigrants to the sana- 
torium after the date when the well was excluded did not catch 
the disease, although numerous hepatitis cases still were being 
treated. In such circumstances it remains to be assumed that the 
time of incubation has a skew distribution which means that the 
majority develop the disease after 40 days, whereas a certain 
number fall ill after a shorter time or approximately about 30 
days and finally a few require more than 40 days for the disease 
to break out. Concerning these last the incubation time has 
been found to vary to such an extent that the distribution does 
not become symmetrical around the mean. This type of variation 
of course is reasonable, because one can always expect to come 
across at least single eases on the border line of susceptibility 
who harbour the contagion for a certain time but who only take 
ill when some additional morbid influence lowers their immunity. 
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In infectious diseases it is not unusual that the resisting power 
of an individual varies from time to time. 

Having deduced the time of incubation and its variations 
from a statistical analysis of the whole epidemic it might he 
of interest to compare the conclusions arrived at with actual 
occurrences. Chance visitors to the sanatorium and other persons 
who have contracted the infection and subsequently developed 
hepatitis permit conclusions regarding the time of incubation. 
The following cases seem to he fairly conclusive. 

1) Doctor S. E. attended a dinner party in the home of the 
medical superintendent of ITiillmis on March 2nd, took ill with 
symptoms of indigestion and high temperature on March 30th and 
developed jaundice on April 4th. Time of incubation 28 days. 

2) Miss M. J. sister of the medical superintendent’s maid who 
went down with hepatitis on March 26th. Acted as assistant 
servant at the above dinner party on March 2nd. Visited in addi- 
tion her sister on March 16th. Took ill with hepatitis on April 
4th. The case gives no clear information as to the time of incuba- 
tion which could he either 22 or 36 days. 

3) Probation nurse A. N. working at sanatorium from January 
1st until March 3rd took ill on April 8th and developed jaundice 
on April 10th. Minimum time of incubation 36 days. 

4) Mr. K. B. K. visited his mother who was staying as a patient 
in the sanatorium on March 8th, was served a meal during his 
visit at the sanatorium. He took ill on April 9th and developed 
jaundice on April 15th. Time of incubation 32 days. 

5) Sir. S. S. IT. conscript soldier from Horns jb, Vilhelmina 
(visited on April 13th his cousin who shortly afterwards took ill 
with hepatitis), joined the regiment in TJmea on April 17th and 
took ill himself with hepatitis on May 13th. Incubation time 
31 days. 


Postulating a water borne infection the dates of admission 
correlated to the date when the polluted water was excluded 
permit of conclusions regarding the period of incubation within 
fairly narrow limits in the following five eases. 
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Chronological 

Date of 

Date when 

Date of 

Days of incubation 

number 

admission 

the well was 

onset of 

ranging between: 



excluded 

jaundice 

min. 

max. 

154 

73 

1C /3 

34 A 

28 

43 

156 

73 

» 

U A 

28 

38 

167 

14 /s 

» 

2 7* 

36 

38 

170 

16 /a 

» 

75 

47 

48 

171 

15 /s 

» 

75 

49 

50 




mean: 

38 — 

43 


The peculiar conditions encountered in the hepatitis epidemic 
at Hallnas approach those usually obtained only in laboratory 
experiments. Factors, such as housing, diet, sanitation and water 
supply are uniform and easily controlled. Not only the size of 
the population is known hut the length of its stay at the sana- 
torium, its previous movements and possible exposure to infection 
and its state of health. The exact age distribution has been 
ascertained. The villagers in Hallnas and the immigrants and 
visitors to the sanatorium after March 16th form unimpeachable 
»controls». 

Having proved that the contagion has been transmitted by 
water, the number of hepatitis cases provide a singularly reliable 
argument for estimating the susceptibility in this epidemic. The 
total morbidity works out at 32.4 ±3.5 %. Men and women are 
affected to the same extent, the computed difference being only 
0.39 ± 4.07 % (see table 7). 

The conundrum presented by the significant difference in 
morbidity between tubercular patients and healthy inmates of 
the sanatorium referred to above evades attempts at explanation. 
The phenomenon suggests that the morbidity percentage should 
be considered as a minimum figure. 

Considering the prevalence of the disease in different age 
groups it must be noted in the first place that no case has 
occurred in persons above 45 years of age. See table 8. 

As the population numbers 38 individuals whose age exceeds 
this limit the conclusion might be permitted that elderly persons 
run a comparatively small risk of catching the disease. Middle 
aged persons and adolescents are particularly liable. The risk 
seems to be the greatest in the first decade after 20 years. 
That children should be particularly susceptible, as lias been 
stated by certain authors, is not borne out, but the present 
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TABLE 7. 

Frequency of the disease among men and women. Pdr e(P) — per cent 
of the population (= N) dr standard error of the percentage. I) dr e(D)~ 
= difference dr standard error of the difference. A positive difference 
signifies that men have shown higher morbidity. 



3S T 

Hepatitis 

cases 

P±<P) 

A dr e(D) 

Men 

Women 

221 

329 

71 

107 

31.13 ± 3.14 

32.52 dr 2.58 

| — 0.39 dr 1-07 


TABLE 8. 

Frequency of disease in different age-groups. P±e(P) = per cent of the 
population (= N) dr standard error of the percentage. 


Age in years 

N 

Hepatitis 

cases 

A dr e(F) 

1—5 

19 

2 

10.53 dr 7-04 

5—10 

22 

6 

27.27 d- 9.49 

10-15 

41 

17 

41.40 dr 7-69 

15—20 

75 

33 

44.00 4- 5.73 

20-25 

153 

72 

47.06 dr 4-03 

25-30 

89 

22 

24.72 dr 4-57 

30-35 

49 

14 

28.57 -4- 6.45 

35—40 

32 

6 

18.75 dr 6.90 

40-45 

32 

6 

18.75 dr 6.90 

45 — 50 

10 

— 

— 

50-55 

11 

— 

— 

55—60 

12 

— 

— 

60—65 

4 

— 

— 

65-70 

1 

— 

— 


material is too small to permit of certain conclusions in this 
respect. 


Regional cases (see map, fig. 8). 

Three cases of hepatitis are known from the village of Kalinas. 
A 25 years old man who appears to be a frequent visitor to the 
sanatorium and whose intimacy with a member of the staff 
qualifies him to be ranked as »family member» took ill on April 
11th. On May 12th a servant in his house caught the disease. 














Fig. 8. Topographical map showing positions of sanatorium, the river 
Vindel and places where regional cases of hepatitis have occurred. 
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The third case occurred on May 26tli when a servant employed 
by one of the sanatorium nurses living in the village took ill. 
She too probably has been visiting the sanatorium. 

Presumably the first case, has been infected by water, whereas 
the two later cases might be considered as contacts. 

Two brothers in Bodama, a place 2 km. south of the village 
of Hallnas came down with hepatitis on April 16th and May 20tli 
respectively. They had shared the same bed in a wood cabin 
when working as lumber men and parted company on April 19tli 
(minimum incubation time 31 days). No connection with the 
sanatorium has been elicited. 

In a house at Gmnsjb on the right hand of the Vindel river 
the 19 years old son had been suffering from jaundice in the 
middle of March. On May 4th his sister fell ill, probably infected 
by her brother. Questioning has failed to establish any connec- 
tion with the sanatorium. 

On April 8th a case of hepatitis occurred in Rdb'dck, a house 
on the left bank of the river Vindel, 9 km. downstream from the 
point where the sanatorium effluent empties into the river. Water 
from the river had been used for drinking. No visits had been 
paid to the sanatorium. Water infection seems to be likely. 

A family in Lund living in a house 5 km. below the sanatorial 
effluent also had drawn their water supply from the river. 
During the week 8th — 15th June 5 members of the household 
caught hepatitis. One of them hade stayed for 3 days during the 
first week of April with one of the porters at the sanatorium 
whilst 3 of this family were down with hepatitis. Contact infec- 
tion in this instance would postulate an incubation time of 66 
days which goes against the evidence of other experiences from 
the sanatorium epidemic. The simultaneous outbreak strongly 
suggests infection by water. 

A conscript soldier who returned to his home at Rddalund, 
40 km. down the Vindel river on April 15th, took ill with hepatitis 
on May 13th (28 days). There has been no communication with 
Hallnas or other cases. The infection might have been contracted 
during his stay, in Umea although no cases had occurred at the 
regiment. On May 26th his sister caught the disease, presumably 
by contact. 
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Vannas Epidemic. 

As can be seen from table 1 hepatitis has been endemic in the 
Vannas district during 1940 and 1941. The returns after June 
30th 1941 have been as follows: 

1941. 1942. 

July Aug. Sept. Oct. Nov. Dec. Jan. Febr. March April May June July xtug. 

7 1 8 4 7 1 4 10 23 12 38 4 3 0 

Since July 8th no ease. The eases occurred in the market town of 
Vannas and in particular in the adjacent military camp. 

In the spring of 1942 Doctor Bellander of Surahammar fame 
(see chapter on literature) happened to be acting surgeon with 
the troops stationed in Vannas. Ilis attention was at once focused 
on the water supply. Both town and camp are served by the 
Vannas water works distributing gravel filtered water from the 
Umea river. An examination of the water showed considerable 
pollution or > 3000 coli pr litre. A chlorination plant was in- 
stalled on May 13tli and a month later, as can be seen above, the 
epidemic practically came to an end. It is too early yet to tell, 
whether the cessation is definite, but should it prove to be so, 
another observation in support of water transmission will be 
added to the list of similar experiences from the county of Vaster- 
botten. 

Hornefors Epidemic. 

During a visit to Hornefors in September 1942 the author 
learnt that hepatitis had been widespread since the autumn 1941 
in the industrial village of Hornefors as w r ell as in a few minor 
villages situated along the Hornea river. Notification, however, 
had been totally neglected by the D. M. O. 

A considerable time thus having elapsed since the beginning 
of the outbreak, it was rather difficult to find out the exact 
number of eases, but the following figures refer to cases which 
had come to the notice of the nurses and approved societies. The 
actual morbidity, however, certainly has been much greater. 

1941. 1942. 

Aug. Sept. Oct. Nov. Dec. Jan. Febr. March April May June July Aug. Sept. 

2 14 114 5 5 1 134236 
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An analysis of the outbreak reveals the usual accumulation of 
simultaneous eases in families. Thus 7 members of one family 
came down with the disease, 4 of them inside a few weeks. In 
another family 3 members took ill during- the same month and 
in 6 additional families 2 eases occurred at short intervals. All 
the known cases can be connected with the industrial village 
where drinking water is drawn from a tube carrying river water 
for industrial purposes to the wood pulp mill. No mechanical 
or chemical purification is employed. Repeated bacteriological 
examinations have shown considerable pollution with intestinal 
bacteria, and the water has been pronounced unfit for consump- 
tion. By far the greater majority of the cases which it has been 
possible to trace have been using this water and there is more 
than a suspicion that the contagion has been waterborne. 

Reflections. 

Of the lessons taught by the hepatitis epidemics in the county 
of Vasterbotten that of the Iliillnas outbreak is by far the most 
important. The auspieies presiding over the origin and develop- 
ment of this institutional epidemic have been singularly pro- 
pitious in defining clear cut issues as well as in providing answers 
to many questions on which opinion for a long time has been 
divided. 

It has been possible by analysing all possibilities to prove con- 
clusively that the contagion in at least one epidemic of hepatitis 
has been transmitted by water and that other modes of infection 
have been negligible. The fact that the greater part of the cases 
if some circumstances are not taken into account could be ex- 
plained as contacts on circumstantial evidence at least as strong 
as that usually presented in support of the airborne or droplet 
modes of infection invites one to increased caution in the evalua- 
tion of premises as well as in the forming of conclusions. The 
undeniable tendency of deducting too glibly a cause — effect 
connection from a time — space coincidence requires to be guarded 
against when judging the mechanism of infection in hepatitis. 



Clinic. 


The outlines of the clinical picture in hepatitis are well known. 
Owing to the special circumstances presiding over the Hallnas 
outbreak it has been possible to elicit very reliable and accurate 
dates. In particular the state of health of the patients before 
contracting the nosocomial disease has been recorded. It has 
accordingly been possible to gain a more detailed conception 
about the symptomatology and in particular to illuminate the 
initial stages of the disease which so far have escaped systematic 
observation. 

In certain respects, however, the Hallnas material is rather 
small and it has been considered desirable to complement it with 
the records of uncomplicated hepatitis cases, treated in the medical 
wards at Umea during the years 1937 — 1941. In case the Hallnas 
outbreak should he considered to exhibit special characteristics 
this complementing material might perhaps be slightly incon- 
gruous. As regards symptomatology, however, no differences 
exist between epidemic and sporadic hepatitis (cp. Selander) 
and accordingly one ought to be entitled to use the comple- 
menting dates subject to a certain amount of reservation. 

Subjective symptoms. 

The clinical picture presented by the cases of epidemic hepatitis 
in Hallnas is rather monotonous. In such circumstances it is 
hardly to be wondered at that as stated in the chapter on »Ma- 
terial and metliod» some constantly recurrent subjective com- 
plaints have not been put on record. 

In 13 ease histories all reference to subjective symptoms is 
omitted. Five additional cases (or 3 ± 1.3 % ) have run such a 
mild course that it has been positively stated that slight jaundice 
unaccompanied by any discomfort whatsoever was the only in- 
dication of the disease. 

A perusal of the case records conveys the impression that the 
earlier cases in the epidemic suffered more severely from various 



EPIDEMIC HEPATITIS IN THE COUNTY OF YASTEEBOTTEN 


63 


concomitant subjective symptoms than those who became the. 
victims at the end of the epidemic. Obviously too children con- 
tracted the disease in a milder form than adults. 

The correctness of these observations has been corroborated by 
a statistical analysis of tests to which I shall return later. 

The general health of the patient is unimpaired during the 
time of incubation and there is no indication of imminent illness. 
The sudden onset is accompanied by the usual general reactions 
met with in different acute infectious diseases, such as headache, 
chills and rheumatoid pains (see table 9). Symptoms from the 
respiratory tract have been rare during the Iiallnas epidemic, 
a fact worth noting, considering the frequencies observed by 
Wallgren, Selander and others. In a great number of the eases 
abdominal pains have been complained of, localized either to the 
epigastric or the right hypochondria area. These pains which 
frequently appear to have been of considerable severity often 
were accompanied by pronounced tenderness over the corres- 
ponding regions. Muscular guarding was not. observed. Pains 
and tenderness coincided with other initial symptoms and re- 
mained for two or three days only. As a rule the pains have 
disappeared before jaundice became manifest. 

Indigestion has been the most conspicuous complaint. Initial 
nausea and vomiting have been noted in no less than 121 patients 
or 72 ± 3.5 %. The condition has as a rule lasted for several 
days only to subside gradually during the 1st week of the icteric 
stage. 

The onset of hepatitis has only to a limited extent been accom- 
panied by disturbed bovel action, constipation and diarrhoea 
being about equally infrequent. Later, when jaundice becomes 
discernible an obstinate constipation, in a few instances alter- 
nating with diarrhoea, has been observed in about 35 of the 
cases. 

Enlargement of the liver has been rare and was found only 
in the later stages of the disease. 

The tabulated figure concerning how often the hepatitis pa- 
tients have been complaining of itch, gives a false impression 
of the frequency of this phenomenon. On being approached the 
house physicians have admitted that a far greater number than 
the figures would imply have been afflicted by this discomfort. 
In such circumstances the figure given thus has no significance. 
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TABLE 9. 


Frequency of different symptoms in 166 cases of hepatitis expressed 

in percentage 

P± r (P) = per cent ± standaz-d error of the percentage. 


Symptoms 

Initial 

During the disease 

Kum- 

ber 

P±e{P) 

Num- 

ber 

P±s{F) 

Total number of patients ob- 





served 

166 

— 

— 

— 

Headache 

27 

16.3 ± 2.9 

3 

1.8 ± 1.0 

Rigor 

14 

8.4 ± 2.2 

— 

— 

Rheumatoid pains (total) 

30 

1S.1 ± 3.0 

— 

— 

» » in muscles 

22 

13.3 ± 2.6 

3 

1.8 ± 1.0 

» » >/ joints 

8 

4.8 ±1.7 

— 

— 

Angina, pharyngitis and coryza 

6 

3.6 ±1.4 

— 

— 

Nausea 

38 

22.9 ± 3.3 

31 

18.7 ± 3.0 

Vomiting 

83 

50.0 ± 3.9 

70 

42.2 ± 3.8 

Constipation 

10 

6.0 ± 1.9 

54 

32.5 ± 3.6 

» alternating with 





diarrhoea 

— 

— 

4 

2.4 ± 1.2 

Diarrhoea 

7 

4.2 ± 1.6 

6 

3.6 ±1.4 

Abdominal pains (total) 

61 

36.8 ± 3.7 

— 

— 

» » (epigastric) 

56 

33.7 ± 3.7 

— 

— 

» » (in liver region) 

5 

3.0 ± 1.3 

— 

— 

Palpable enlargement of liver 


— 

8 

4.8 ±1.7 

Anorexia 


— 

12 

7.2 ± 2.0 

Itching 


— 

12 

7.2 ± 2.0 

Epistaxis 





— 


Duration of stay in bed. 

In the first place it is interesting to see during what length 
of time the jaundice cases have had to he confined to bed. "When 
investigating this matter naturally only those cases can be con- 
sidered who previously have spent a greater or smaller part of 
the day out of bed. 

Even though the time in bed in patients suffering from tuber- 
culosis where rest cures in bed form an integral part of the 
regime must not be considered as representing normal conditions 
when healthy persons succumb to jaundice, the figures obviously 
are of some interest. 

On an average the cases have been confined to bed during 
28.8 ± 1.2 days. The first 53 cases have stayed in bed during 
30.7 ±1.6 days, whereas the following 54 eases have been con- 
fined to bed 26.9 ± 1.7 days. 
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The difference 3.8 ± 2.3 is not statistically significant or prob- 
able. The periods in bed do not provide evidence of a change 
in the characteristics of the disease during the course of the 
epidemic. In any case there is no sign of increased severity. 

However, it must be borne in mind that the material has been 
subjected to selection as permanently bedridden patients have 
been excluded and consequently long periods of bed treatment 
might have been withdrawn from the material. 

Anyhow, in this as in other diseases one has to count with 
skew distribution where patients treated with prolonged stays in 
bed increase the average figures. In order to find out if this is 
the case one has to calculate the median. On having done so it 
turns out that the median is slightly less than the mean. In the 
total material the median is found to be 26 days or 2.8 days less 
than the mean. This shows that the distribution is not very skew. 
Owing to chance one has to expect some slight difference between 
median and mean. The same difference between medians and 
means is found in the first 53 and the later 54 cases which of 
course was to be expected. Furthermore the median in the first 
group works out at 21 days, in the second at 25 days, the 
difference not being of a magnitude to permit conclusions re- 
garding changes in the severity of the disease during the course 
of the epidemic. 


Preicteric stage. 

The length of the preicteric stage has never been properly 
ascertained because cases with exact observations on the occasion- 
ally slight but at other times more severe symptoms during the 
interval between the initial illness and the appearance of jaundice 
have been lacking. 

In the present material where the patients have been con- 
stantly watched, the dates of the initial illness were carefully 
noted and checked against the temperature graphs. The first 
appearance of jaundice too has been meticulously registered and 
verified by the Meulengracht test. 

Combining these observations the preicteric stage in the 
present material is found to last 5,9, i. e. practically 6 days. The 
standard deviation is 2.82 or approximately 3 days which means 
that the period occasional!} 7 is curtailed to an odd day or two 
whilst it on the other hand exceptionally might extend to more 
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than a fortnight. The distribution is somewhat, skew. Tt is of 
particular interest to investigate whether the length of the pre- 
icteric period varies in the course of the epidemic. 


TABLE 10. 

Duration of pveicteric stage in days. I = (lie first 81 cases. 11 = the later 
80 cases. Mean dr standard error for I = G.f>2 dr 0.31, for IT = 5.21 dr 0.30, 
for I -{- II == 5.87 dr 0.22. Standard deviation for T ~ 2.80 

for IT = dr 2 .08 for I + il = dr 2.82. 


Days 

Number of cases 

I 

11 

I + 11 

0 


1 

1 

1 


f> 

7 

O 

4 

11 

15 

:i 

4 

3 

7 

4 

11 

11 

22 

5 

7 

13 

20 

<> 

15 

12 

27 

7 

0 

8 

17 

s 

11 

9 

20 

<) 

8 

-I 

12 

10 

6 

1 

7 

11 

— 

1 

i 

12 

o 

— 

o 

13 

-- 

— 

— 

14 

1 

— 

i 

15 

— 

1 

i 

1G 

1 

— 

i 

Total 

81 

80 

1G1 


For practical reasons and considering that one is used to expect 
an increased virulence in the course of an epidemic the material 
has been divided up into two parts one containing the earlier, 
the other the later half of the cases. It now turns out that the 
preicteric stage is longer in those cases who fell ill during the 
later period. The difference, being 1.3 ± 0.43 is statistically 
significant and justifies the conclusion that the preicteric stage 
was shorter in the beginning of the epidemic. 

This is interesting considering that the temperature too will be 
sliown later on to be higher in the beginning of the epidemic 
than towards its end. 

It appears natural to assume that in cases running a higher 
temperature jaundice is liable to develop more quickly. 
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As the figures must be considered as sufficiently conclusive 
no computation of the correlation between the initial rise of tem- 
perature and the length of preicteric stage has been carried out. 

Weights. 

In tubercular subjects the weights cannot be expected to 
remain constant for longer periods. Some individuals lose weight 
on account of the consumptive disease, while others put on weight 
owing to the diet. What the result would turn out to be in a 
material observed during an extended span of time cannot be 
estimated off hand. 

When dealing with short periods, however, pronounced weight 
fluctuations are not to be expected, but the weight may be con- 
sidered to be constant. If an acute infection is superimposed in 
a material of this kind, the consecpience ought to be a loss of 
average weight, partly on account of loss of fluid through vomit- 
ing and the like. 

Following this trend of thought the alteration in weights has 
been computed in different persons. Starting from weight figures 
before and at a safe distance from the hepatitis infection, the 
amounts of loss or gain respectively have been calculated. The 
preceding weighings, however, have been made at varying time 
intervals which is accounted for by the impossibility to anticipate 
the date when the patient would contract hepatitis. 

According to our calculations the patients had last been weighed 
on an average 12 days before taking ill, but the variations are 
considerable and extend upwards as far as a month. 

Subsequently average differences have been computed between 
the weights of departure and those observed during hepatitis. 
Referring to the figure corresponding to the tenth day before 
onset of the illness it may be seen that the weight remains con- 
stant during some time prior to this date. 

Following the falling ill a loss of weight sets in which be- 
comes obvious after about 2 weeks and then gradually diminishes 
during the following 2 or 3 weeks to become compensated after 
slightly more than a month. See fig. 9 and tables 11, 12 and 13. 

To judge by weight figures the duration of the illness 'would 
be a little more than a month. Putting on weight ought to indi- 
cate recovery. A comparison between earlier and later cases does 
not indicate differences of interest but the figures concerning 
this analysis have been included for the sake of completeness. 
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TABLE 11. 

Differences in weights and suspension stability of the erythrocytes bet- 
ween different days in the disease and the time before taking ill in the 
whole material. n = number observations, il + r{M) — mean ± standard 

error of the mean. 


Days 

Differences in weights 

Differences in suspension 
stability readings 

11 


n 

M± KAO 

— 24 lb 

2 

+ 0.15 

2 

+ 1.00 

— IS 13 

3 

+ 0,17 

(3 

+ 0.83 

— 12 7 

17 

4- 0.02-1 ± 0.28 1 

(5 

— 2.83 

— (3 1 

27 

~j- 0.11 Jr 0.17 

IS 

- ~ 2.0 + 2.3 

0-5 

30 

— 0.35 Jr 0.18 

31 

- 4.2 dr 2.7 

(3 — 11 

37 

— O.0S + 0.28 

3(3 

+ 3.5 + 3.0 

12—17 

39 

- 1.71+0.23 

2(3 

+ 11.0 +4.0 

18-23 

49 

- 1 .58 + 0.28 

33 

+ 11.0+2.3 

24 -29 

37 

— 1 .72 J- 0.32 

29 

+ 13.1 +2.0 

30-35 

4(3 

— 1.13 + 0.31 

.30 

+ 8.5 dr 4.1 

3(3 — 41 

33 

— 0.50 + 0,12 

34 

+ (3.5 + 2,5 

42 -47 

4(3 

— 0.12 ± 0.33 

32 

*-f- 4.3 3.1 

4s 53 

3(3 

— 0.S!> Jr 0,15 

32 

+ 1.8+ 3.0 

54-59 

19 

— 0.35 + O.f.5 

22 

+ O.50J- 5.12 

(30 — (55 

3(3 

— 0.27 ± 0.50 

23 

+ n.7 dr 3.1 

1)13- 71 

24 

— 1.2!) Jr 0.GI 

20 

+ 2.0 + 4.0 

72-77 

20 

— 0.18 Jb 0.7G 

15 

— *i .5 4" 4 ,8 

'S S3 

27 

— 0.2G + 0.58 

21 

-1- 3.G + 2.3 

84—89 

13 

— 2.02 

f> 

— }~ «}.o 

90 -95 

r> 

— 1.01 

3 

+ 17.0 

9(3-101 

2 

+ 0,1 

r> 

+ 9.0 

102-107 

1 

“4“ 0.8 

i 

— 3.0 

108—113 

1 

— 2.1 

i 

+ 13.0 

114-119 

1 

— 2.7 

i 

— 2.0 


Temperature. 

Temperature is another general symptom of interest. Working 
on noon temperatures a collocation shows figures a. little above 
37° C during the days immediately before falling ill. On the 
latter date the temperature rises to 38.3° 0 which of course could 
he expected as the time of falling ill largely has been determined 
by the onset of fever. Temperature attains its maximum during 
the first days of illness then drops slightly during the first week 
hut remains raised a little until about, the third week when 
normal values are again reached. The beginning of jaundice is 
not accompanied by a rise of temperature. 

As only graphs from afebrile patients and personnel could he 
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TABLE 12. 

Differences in weights and suspension stability of the erythrocytes bet- 
ween different days in the disease and the time before taking ill in a group 
consisting of 57 patients' who contracted hepatitis during the earlier half 
of the epidemic = group I. n — number of observations, 
iff ± £$' 1 ) = mean dr standard error of the mean. 


Days 

Differences in weights 

Differences in suspension 
stability readings 

n 

M ± e{M) 

n 

M 4r +V; 

— 24— — 19 

B 

0 



— 18 13 


— 

i 

4- 26 

— 12 7 

5 

— 0.04 

i 

+ 13 

— 6 1 

9 

— 0.02 

5 

- 3.s 

0 — 5 

11 

— 0.35 4- 0.23 

16 

— 4.3 dr 2.9 

6-11 

22 

— 0.97 ± 0.26 

20 

— 0.55 4- 4.53 

12-17 

11 

— 2.06 4- 0.41 

13 

~b 19.5 dr 7.9 

18—23 

28 

— 1.91 ± 0.27 

13 

+ 16.2 dr 2.5 

24-29 

17 

— 1.95 dr 0.45 

19 

+ 11.6 +3.1 

30—35 

19 

— 1.55 dr 0.49 

12 

+ 11.8 ±8.4 

36-41 

21 

— 1.07 4- 0.42 

18 

+ 11 .7 + 4.1 

42-47 

18 

— 0.52 dr 0.49 

17 

+ 6.4 ±4.3 

48—53 

29 

— 0.82 4- 0.45 

17 

+ Li ±4.7 

54 — 59 

5 

— 1.34 

12 

+ 6.3 ±7.6 

60—65 

IS 

— 0.27 ± 0.72 

12 

+ 10.1 ±3.8 

66—71 

15 

— 2.42 dr 0.49 

14 

+ 0.14 + 6.31 

72—77 

9 

— 1.50 

9 

— 1.22 

78—83 

20 

— 0.25 db 0.70 

15 

+ 6.1 ±2.9 

84—89 

11 

— 1.7 dr 1-0 

5 

+ 3 

90—95 

5 

— 1.04 

3 

+ 17 

96—101 

2 

+ 0.40 

4 

+ 12.3 

102—107 

1 

+ 6.8 

1 

— 3 

10S— 113 

1 

— 2.1 

1 

+ 13 

114—119 

1 

-2.7 

— 



used the material worked on does not include all the hepatitis 
cases but it is large enough to convey a fair idea of the trend. 

"Whether consumptives and. healthy persons react with fever 
in the same way can be discussed. It is always possible to main- 
tain that tubercular subjects are more liable to become feverish. 
There is, however, hardly reason to believe that such factors 
would be of greater importance. Anyhow, the figures cpioted 
reflect to a certain extent the relative displacement of tempera- 
ture during the illness. Here also a comparison has been made 
between early and late cases in the epidemic. This shows the 
period of initial fever to be more pronounced in the beginning 
of the outbreak. Fundamentally it might have been convenient 
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TABLE 13. 

Differences in -weights and suspension stability of the erythrocytes bet- 
ween different days in the disease and the time before taking ill in a 
group consisting of 56 patients who contracted hepatitis during the later 
half of the epidemic = group II. n = number of observations. 

M ± e(M) = mean ± standard error of the mean. 


Days 

Differences in weights 

Differences in suspension 
stability readings 

n 


n 

M ± e(M) 

— 24 19 

i 

+ 0.30 

2 


+ 1.0 

— 18 13 

3 

+ 0.47 

5 


— 4.2 

— 12 7 

12 

-\- 0.05 i 0.33 

5 


— 6.0 

— (j i 

18 

-f- 0.18 ± 0.21 

13 

- 

- 2.6 ±1.9 

0-5 

19 

— 0.36 ± 0.25 

15 

- 

- 4.1 ± 4.7 

6—11 

15 

— 1.00 ± 0.59 

16 

- 

- 8.6 ±3.4 

12-17 

28 

— 1.61 ± 0.28 

13 

- 

[- 4.4 ±5.3 

18—23 

21 

— 1.13 ± 0.53 

20 

- 

- 9.2 ±3.3 

24-29 

20 

— 1.53 ± 0.47 

10 

- 

-15.9 ±6.2 

30-35 

27 

— 0.83 ± 0.47 

18 

- 

f~ 6.3 ±4.0 

36-41 

12 

+ 0.50 ± 0.83 

16 


- 0.56 ±2.09 

42-47 

28 

— 0.14 0.44 

15 

J 

- 1.8 ±4.7 

48-53 

< 

- 1.01 

15 

- 

1- 2.6 ±3.8 

54 — 59 

14 

+ 0.0071 ± 0.7311 

10 


- 6.3 ±6.2 

60-65 

18 

— 0.27 ± 0.70 

11 

4- 0.82 4- 4.58 

66-71 

9 

+ 0.60 

6 


+ 6.17 

72-77 

11 

+ 0.91 ± 1-07 

6 


— 9.50 

78—83 

7 

— 0.29 

6 


— 2.67 

84-89 

2 

— 3.70 

— 




90—95 

— 

— 

— 




96—101 


— 

1 


— 1 

102—107 

— 

— 

— 



T08— 113 

— 

— 

— 


- 

114—119 

— 

— 

1 


— 2.0 


to split the material between the two distinct epidemics, but as 
the number of cases in the first outbreak is too small to admit 
of conclusions, the material has been divided into two equal 
groups on account of statistical consideration, the standard errors 
becoming smaller that way. 

The computed differences are found to be significant during 
the first three days of the illness. Accordingly there can be no 
doubt that the fever is more pronounced in the earlier cases. As 
a. rule epidemics are considered to become more malignant as the 
time passes. This has been explained as being due to an increased 
virulence of the contagion brought about by repeated passages 
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Fig. 9. Average loss in weights at 6 days intervals after falling ill in 
113 sanatorium patients suffering from hepatitis. 


through successive hosts. On this occasion the development 
apparently has been in the opposite direction. Accordingly it 
only remains to explain the observed displacement by assuming 
that in the beginning of this as in other epidemics those most 
susceptible might possibly contract the disease first and accord- 
ingly develop more pronounced symptoms. See fig. 10 and table 14. 

Suspension stability of the erythrocytes. 

Alterations in the suspension stability of the erythrocytes re- 
flect a general reaction much in the same way as do changes of 
temperature and thus are worthy of attention. The material used 
is formed by tested tubercular patients and no selection has been 
made. Thus it is to be expected that the suspension stability is 
more or less lowered already before their falling ill with hepatitis. 
Accordingly in this calculation the differences from the last values 
available before the onset of hepatitis have been computed. 

If it had been possible to tell in advance if and when a person 
would contract hepatitis the suspension stability could have been 
tested at exactly the same date in all cases. In reality, however, 
the date must vary, and on an average the value of departure 
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TABLE 14. 

Means of noon temperatures in the earlier (group I) as well as in the later 
(group II) groups of each 62 cases. n = number of. observations. 

M ± s{M) — mean ± standard error of the mean. 


Days 

Group I 

Group II 

Groups I + II 

n 

M±s(M) 

n 

M ± e(M) 

11 

M±s(M) 

— 5 



i 

38.5 

1 

38.5 

_4 

i 

37.6 

i 

38.0 

2 

38.8 

— 3 

2 

87.3 

2 

37.3 

4 

37.3 

— 2 

6 

37.2 

9 

37.4 

15 

37.320 ± 0.084 

— 1 

42 

87.060 ± 0.040 

39 

37.126 ± 0.018 

81 

37.091 ± 0.031 

0 

50 

38.17 ± 0.11 

57 

38.18 ±0.12 

107 

38.175 ± 0.080 

1 

55 

38.73 it O.n 

60 

3S.12 ±0.11 

115 

38.410 ± 0.083 

2 

56 

38.36 ±0.13 

60 

37.81 ±0.11 

116 

3S.078 ± 0.090 

3 

57 

38.18 ± 0.12 

60 

37.72 ±0.12 

117 

37.941 ± 0.081 

4 

59 

37.95 ± 0.11 

61 

37.674 ± 0.095 

120 

37.811 ± 0.073 

5 

60 

37.78 ± 0.10 

62 

37.526 ± 0.072 

122 

37.649 ± 0.0G2 

6 

61 

37.581 ± 0.081 

59 

37.470 ± 0.071 

120 

37.526 ± 0.055 

7 

53 

37.668 ± 0.092 

58 

37.521 ± 0.0S4 

111 

37.591 ± 0.062 

8 

46 

37.73 ±0.2S 

54 

37.480 ± 0 073 

100 

37.594 ± 0.058 

9 

44 

37.711 ± 0.089 

49 

37.418 ± 0.061 

93 

37.557 ± 0.054 

10 

38 

37.721 ± 0.086 

45 

37.358 ± 0.0G9 

83 

37.525 ± 0.057 

11 

30 

37.82 ±0.31 

38 

37.329 ± 0.079 

68 

37.544 ± 0.071 

12 

23 

37.68 ±0.10 

27 

37.326 ± 0.078 

50 

37.488 ± 0.067 

13 

IS 

37.60 ±0.10 

14 

37.46 ±0.10 

32 

37.540 ± 0.072 

14 

13 

37.75 ±0.16 

10 

37.54 ±0.15 

23 

37.66 ±0.13 

15 

9 

37.63 

10 

37.46 ±0.15 

19 

37.54 ±0.11 

16 

10 

37.60 ±0.20 

4 

37.53 

14 

37.58 ±0.14 

17 

6 

37.50 

0 

37.60 

11 

37.55 ±0.071 

18 

5 

37.28 

4 

37.48 

9 

37.37 

19 

4 

37.33 

3 

37.50 

7 

37.40 

20 

3 

37.37 

2 

37.30 

5 

37.34 

21 

2 

37.55 

1 

37.30 

3 

37.47 

22 

2 

37.85 

— 

— 

2 

37.85 

23 

1 

38.0 

— 

— 

1 

38.0 

24 

1 

37.9 

— 

— 

1 

37.9 

25 

1 

39.0 

— 

— 

1 

39.0 

26 

1 

39.0 

— 

— 

1 

39.0 

27 

1 

37.9 

— 

— 

1 

37.9 

28 

1 

37.1 



— 

1 

37.1 


corresponds to tlie 16th day with variations between 24 and 0 
days before the onset. 

By inspection of fig. 11 and tables 11, 12 and 13 will be 
gathered that the suspension stability becomes lowered, when the 
patient falls ill, the displacement appearing after about one or 
two weeks. A. maximum decrease is reached after about 4 weeks 
and about 40 days later normal conditions seem to be reestab- 
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I‘'ig. 10. Average temperature before and after the disease in 124 hepatitis 
cases of the Hallnas material. 0 is the day when the disease began. 


lislied. A marked difference between early and late eases cannot 
be shown, which might be accounted for by the fact that the 
tests have not been carried out regularly and that the material 
consequently is too small to give significant differences. 

In tables 15 and 16 are given the figures computed from the 
cases treated in the Umea hospital together with the corres- 
ponding figures from the sanatorium material similarly arranged. 
In both instances figures are given for the difference between 
the first 6 days and later days. We find in both materials a 
lowering of the suspension stability and this disturbance seems 
to last at least two months. Cp. fig. 12. For the hospital patients 
the differences are smaller during the end of the first month 
than for the sanatorium cases which might be explained as a 
result of a tendency to lower suspension stability because of 
tuberculosis. 



o 


O 
•+■ I 


to 


Fig. 11. Average decrease in the suspension stability of the erythrocytes 
after falling ill at 6 days intervals in 113 sanatorium patients suffering 

from hepatitis. 
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TABLE 15. 

Mean of the suspension stability = S. B. on different times after taking 
ill expressed in millimeters in 149 cases of uncomplicated hepatitis treated 
at the Umea hospital, n = number of cases. M ± e(M) = mean ± standard 

error of the mean. 


Days after 
falling ill 

S. R. 

n 

M ± S (M) 

0—5 

38 

11.3 ± 1.4 

6-11 

108 

16.9 ±1.4 

12—17 

97 

18.1 ±1.4 

18-23 

89 

20.3 ± 1.6 

24-29 

82 

18.5 ±1.4 

30-35 

56 

16.7 ± 1.9 

36-41 . 

36 

21.0 ±3.1 

42-47 

23 

17.0 ± 3.3 

48-53 

16 

22.8 ± 4.5 

54—59 

11 

19.4 ± 6.1 


TABLE 16. 

Differences between figures for the mean suspension stability for the first 
6 days and later days in 113 sanatorium and 149 hospital cases of hepatitis, 
n = number of observations. D ± s(D) = difference ± standard error of 

tbe difference. 


Days after 
onset of illness 

Differences in suspension stability 

Hospital 

Sanatorium 


n 

D ± e(D) 

n 

D±e(D) 

7—11 

146 

^*6 nt 2.0 

67 

+ 7.7 ± 4.0 

12—23 

186 

*4” 7*8 1.8 

59 

-f- 16.1 ± 3.8 

24—35 

138 

+ 6.5 ±1.7 

59 

— |— 15.0 ^ 3.7 

36-47 

59 

”4* 8.1 2.7 

66 

-f 9.6 ±3.4 

48—59 

27 

+ 10.1 ± 4.0 

54 

-j- 5-5 ± 3.4 

60—89 

21 

+ 8.0 ±2.6 

84 

+ 6.5 ±2.9 


The Meulengraclit test. 

In tlie literature as a rule the figures below 8 seem to be 
considered to be normal in the Meulengraclit test. However, no 
investigation seems to have been made into the distribution of 
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DiFEEREMCES IHHilUrtEURS 



Fig. 12. Changes in suspension stability of the erythrocytes in 113 hepa- 
titis cases at the sanatorium of Hiillnas (clotted line ..) and 149 uncom- 
plicated hepatitis cases treated at the Umea hospital (drawn line 


figures in healthy persons. Consequently the figure mentioned 
above is not very reliable and therefore a special investigation 
into this question has been made. Healthy persons have been 
tested simultaneously by two laboratory assistants A. and K. H. 
There is no proved difference between the results arrived at by 
these mutually independent workers, the actual figure being 
0.08 ± 0.05. The agreement in fact is as good as could be desired. 
It must be admitted, however, considering that only two investi- 
gators were employed, that such good an agreement, is not always 
to be expected. My two assistants presumably have been working 
in a more similar way than could be expected by workers in 
different laboratories. As a whole, however, the figure arrived at 
shows that subjective factors hardly pi ay too important a part 
because if so such a close agreement would hardly have been 
reached. 

Regarding the reliability of any particular observation a 
standard error of 1 j s unit (0.51) must be accounted for which 
means that any particular value might vary by a maximum of 
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l 1 /- units upwards or downwards. Expressed in percentage tlie 
standard error was found to be 6.8 %. The method thus can be 
considered to be reasonably exact. 

In order to gain some idea about the normal value and its 
variation, the mean, standard deviation and distribution have 
been computed in a material of 270 readings made inside 2-f hours. 

The mean was found to be 7.53 ± 0.14. The standard deviation 
is 2.12 and accordingly the normal variation is limited by 1.2 
and 13.9 respectively. The distribution, however, is slightly skew 
which might be found by inspection of the diagram, fig. 13. 

How the Meulengracht test figures are affected when the blood 
samples are kept stored has been investigated by retesting after 
48, 72, 96 and 120 hours. It then becomes apparent that on an 
average the values rise after 4 to 5 days by about 3 units. 

The difference between the readings after 24 and 120 hours 
is 2.95 ± 0.57. The distribution is slightly skew all the time and 
in samples that have been kept for 120 hours the variation ranges 
between 2 and 20. See tables 17 and 18 and fig. 13. 


TABLE 17. 

Distribution of Meulengracht readings at 24 hours intervals after 

taking the blood test; 


Meulen- 


Numbei 

of tests in hours 


gracht 






24 

48 

72 

96 

120 

figures 

4 

9 

1 

1 

1 

1 

5 

21 

6 

5 

1 


2 

6 

47 

14 

6 

3 


7 

64 

23 

10 

9 


, 9 

9 

8 

40 

33 

25 

15 



9 

25 

45 

27 

16 


12 

10 

12 

23 

19 

16 


11 

6 

17 

18 

7 


f 9 

12 

7 

7 

16 

13 

, 

13 

1 

5 

8 

9 


9 

14 

5 

• 4 

3 

8 



15 

2 

5 

4 

3 


9 

16 


— 

3 

2 


* 

17 

— 

1 

— 

3 

1 

9 

2 

18 





— 

— 



19 

— 

— 

— 

— 

1 

Total 

239 

184 

145 

106 

41 
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TABLE 18. 

Average figures for Meulengracht tests and skewness of the distribution in 
normal persons at 24 hours intervals after taking the blood test. 

M ±s(illj = mean ± standard error of the mean, a — standard deviation. 
Sj ± e(S l )~ skewness according to Lindeberg ± standard error. 


Interval 
in hours 

Number 
of cases 

M ± e(M) 

a 

S L ±e(S r ) 

24 

239 

7.53 dr 0.14 

2.12 

— 9.00 ± 1.94 

48 

1S4 

9.03 ± 0.17 

2.27 

— 16.30 ± 2.21 

72 

145 

9.74 ± 0.20 

2.45 

— 1.03 ±2.49 

96 

106 

10.42 ± 0.27 

2.7G 

— 7.55 ±2.91 

120 

41 

10.48 ± 0.55 

3.52 

— 8.54 ± 4.69 


ZH~ hoTJ-TS. 



Fig. 18. Observed distribution of Meulengracht values in healthy persons 
and a normal curve smoothed to the observed frequencies. 


'When comparing the values obtained in healthy persons with 
those found in hepatitis cases, the latter are found to rise coin- 
ciding with or shortly before the onset of jaundice. During the 
first weeks the values remain high, then drop slowly towards 
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normal. Normal figures have, however, not yet been reached 
within on an average two months. See table 19 and fig. 14. 

TABLE 15). 

Average of Meulengrncht tests and the standard deviations in the whole 
hepatitis material at Hitllniis (1GG cases). N = number of observations. 
M dr £(97) = mean dr standard error of the mean, o = standard deviation. 


Days 

X 

97 dr f (97) 

a 

— 4 2 

12 

0.0S ± O.oo 

3.42 

- 1—1 

70 

2G.S d- 1 .5 

12.7 

2-4 

52 

35.7 -Jr 2.7 

10.8 

u — i 

24 

25.8 dr 4.1 

20.8 

S— 10 

34 

10.4 dr 2.6 

15.2 

11—13 

50 

1G.2 dr 9.2 

15.5 

1 4—1 G 

58 

14.1 d- 1.5 

11.7 

17-151 

40 

1 5.0 dr 2.5 

17.G 

20—22 

3G 

13.8 dr l.« 

0.G 

23—25 

2!) 

12.58 d- 0.70 

3.70 

2G— 28 

31 

13.4 dr 1.2 

G.S 

20-31 

10 

12.1 dr 1 - r > 

G.2 

32-34 

28 

11.01 dr 0.0S 

5.13 

35—37 

G 

10.83 

, 

© 

i 

CO 

13 

11.2 d~ 1.6 

5.7 


The nnmhcr of readings at a time approaching 2 months after 
the onset of jaundice is, however, small. The Meulengracht test 
figures drop very gradually towards normal and because of 
that it is impossible to tell the exact date when the disturbance 
of which the test is an expression has subsided completely. The 
mean of 11 6 readings obtained during 26 — 10 days after appear- 
ance of jaundice is 10.78 ± 0.62. At this time we thus find a 
definite departure from the normal value obtained in healthy 
persons. The difference 3.25 ± 0.64 is statistically significant. 

The investigation shows that the disturbance brought about by 
the disease subsides very gradually and that signs of an impaired 
liver function can he traced during an unexpectedly long period 
after the disappearance of clinical symptoms. In this connection 
it should he kept in mind that normal weight has not been 
reattained after 5 weeks, that the suspension stability is still 
markedly lowered after 5 weeks and that urobilin is still present 
in the urine after 6 weeks. 

A division of the material in a group of patients showing high 
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5 i i t i i i i i i i 

-3 0 +3 46 49 412 4I!T +18 +21 + 2M +27 +30 +33 +36 439+H2 


DAYS AFTER FAILING III 

I'ig. 1J. Averages of the Meulengracht test readings on different days 
in 1(56 hepatitis cases in Hiillnas. 0 ist the day when the disease began. 


values (luring tlie first six clays (i. e. values in excess of the 
mean) and another group with lower values shbvs the return 
to the normal level to be slower where the initial values were 
high. See tables 20 and 21. 

When comparing the Meulengracht values obtained during the 
earlier to those met with in the later part of the epidemic a 
statistically significant difference, namely 12.8 ± 3.9 is found on 
the 9th — 11th days, the earlier cases showing higher figures. The 
series of figures are by the way irregular on account of the small- 
ness of the material. (See table 22.) 

The Hi j man van den Bergh’s test. 

In the Umea material the serumbilirubin quantities have been 
measured by the Hijman van den Bergh’s method instead of by 
the Meulengracht test. The figures, however, show the same 
tendencies. In the hospital cases no tests have been carried out 
before the onset of jaundice, as has been the case with the sana- 
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TABLE 20. 


Total number of cases who during the first 6 days of illness showed 
Meulengraclit readings above respectively below the mean for 

the different days. 



TABLE 21. 

Means of Meulengraclit tests in 2 groups; the first consisting of 60 
cases with initial Meulengraclit readings above the average during the 
first 6 days of illness, the second consisting of 71 cases with initial 
Meulengraclit readings below the mean during the first G days of illnes. 
IX) = mean dr standard error of the mean for the different days. 


Days 

60 cases 

above the average 

71 cases 

below the average 

Number 
of cases 


Number 
of cases 


0—2 

43 

39.0 ±1.6 

45 

18.4 dr 0.92 

3 — 5 

ii 

59.4 dr 5.7 

22 

24.5 dr 2.2 

6—8 

0 

35.2 

14 

13.5 dr 3.0 

0—11 

7 

20.9 

14 

11.9 dr 1.1 

12—14 ' 

27 

15.Cdr 1.4 

25 

13.5 dr 3.7 

15—17 

23 

19.0 dr 3.4 

19 

11.4 dr 1.4 

18—20 

21 

20.0 dr 5.7 

14 

12.4 dr 1-9 

21-23 

12 

11.6 dr 1-2 

10 

10.4 dr 1.6 

24—26 

18 

13.9 dr 0-99 

9 

13.3 

27-29 


12.3 dr 1.4 

4 

11.0 

30-32 

16 

13.3 dr 2.0 

4 

10.3 

33—35 

10 

9.6 d- 0.75 

4 

13.3 

36—38 

4 

10.6 

2 

10.5 

39—41 

9 

11.2 

2 

10.0 

42—44 

2 

13.5 

2 

8.5 

45—47 

3 

8.7 

1 

8.0 

48—50 

1 

S.O 

— 


51—53 

3 

10.3 

— 

— 

54—56 

1 

6.0 

— 

— 

57 — 59 

2 

9.0 

— 



6 


















82 


ROLF IIADLGREN 


TABLE 22. 

Average Meulengracht figures and standard deviations in the 83 first and 
83 second cases of the epidemic respectively, n = number of observations. 
M ± S (M) = mean ± standard error of the mean, a = standard deviation. 
Group I = the first 83 cases in chronological order. Group II = the later 
S3 cases in chronological order. 


Days 

Group I 

Group 11 

n 

M ± e{M) 

n 

n 

M ± f (M) 

a 

— 6 4 

2 

11.0 


3 

7.0 


- 3 1 

4 

9.G 

m 

6 

21.5 

0 

0—2 

34 

29.0 ± 2.0 

11.7 

54 

2S.2 ±1.0 

14.1 

3-5 

19 

38.S ±4.8 

21.1 

14 

33.0 ±5.0 

22.2 

6—8 

16 

23.1 ±3.2 

12.8 

14 

22.8 ±6.2 

23.3 

9—11 

22 

22.0 ±3.7 

17.5 

13 

9.8 ± 1.3 

4.8 

12— U 

29 

15.8 ±2.1 

ll.l 

33 

15.1 ±2.0 

16.5 

15-17 

34 

13.-1 ± 1.3 

7.0 

22 

17.7 ±3.0 

17.0 

18-20 

30 

18.0 ±4.2 

23.1 

17 

13.S ±1.8 

7.5 

21—23 

16 

10.8 ± 1.2 

4.8 

14 

ll.l ±1.1 

4.1 

24—20 

23 

12.05 ± 0.0S 

3.20 

10 

16.1 ±3.2 

10.3 

27—2!) 

10 

12.8 ±1.7 

5.3 

10 

11.40 ±0.00 

2.81 

30-32 

16 

12.3 ±1.5 

6.2 

S 

11.0 


33-35 

9 

10.2 


10 

10.5 ± 1.0 

3.3 

36-38 

5 

10.0 


3 

10.0 

. 

39—41 

8 

11.0 


6 

9.3 


42-44 

2 

8.5 

. 

2 

13.5 


45-47 

3 

8.7 


1 

8.0 

. 

48-50 

1 

8.0 

, 

1 

6.0 


51—53 

1 

13.0 

# 

2 

9.0 


54—50 

2 

7.0 


— 

— 

— 

57—59 

1 

10.0 

• 

1 

8.0 

• 


toriim patients, but tlie figures in tables 23 and 24 show high 
values already during the first days of illness which subsequently 
diminish gradually. Normal readings are reached after about 40 
days, which corresponds fairly well to the results obtained by 
the Meulengracht method. The return to normal values corres- 
ponding to a gradually declining graph makes it difficult to 
decide when the normal level has been reached. See fig. 15 and 
tables 23—26. The direct tests convey the same impression as that 
given by the indirect tests. In the beginning of the disease we 
find more than 90 per cent positive readings. Subsequently the 
frequency of positive tests gradually decreases, but after one 
month we still find about half of the number to be »positives» 
or »traces». Later the number of observations becomes too small 
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Fig. 15. Averages for Iiijman van den Bergli test (the vertical figures) 
on different days after taking ill in 149 hospital cases of uncomplicated 

hepatitis. 


to permit of conclusions but not even after two months have all 
become negative. 

Galactose Tolerance Test. 

In order to find out whether any signs of damage to the liver 
could be discovered during the advanced stages of the illness 
a number of galactose tolerance tests have been carried out on 
the hospital material at Umea. In normal healthy people the 
galactose eliminated by the urine during the test generally does 
not exceed one gram. Between one and three grams is considered 
increasingly suspicious. Three grams mark the border line be- 
tween the normal and the pathological. In other words, galactose 
amounts approaching three grams might under exceptional con- 
ditions be seen in normal persons, whereas an excretion in excess 
of three grams is looked upon as definitely indicative of liver 
insufficiency. 
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TABLE 23. 

Serumbilirubin figures at 3 days intervals according to Hijman van den 
Bergh's indirekt test 1/200 000 in 149 cases of uncomplicated hepatitis 
treated at tbe Umea hospital. n = number of observations. 

M ± s{M) = mean dr standard error of the mean. 


Days after 
onset of 
illness 

Hijman 

v. Bergh’s test 

n 

M dr «(M) 

2-4 

23 

6.9 dr 1-5 

5—7 

44 

6.90 dr 0.41 

8—10 

60 

5.92 dr 0.43 

11—13 

52 

4.50 dr 0.52 

14—16 

59 

3.52 dr 0.44 

17—19 

55 

2.50 dr 0.4G 

20—22 

55 

2.00 dr 0.80 

23-25 

51 

1.48 dr 0.16 

26—28 

46 

1.77 dr 0.24 

29-31 

44 

2.15 dr 0.82 

32-34 

29 

2.11 dr 0.24 

35 — 37 

30 

2.80 dr 0.68 

38-40 

21 

1.57 dr 0.30 

41—43 

18 

1.55 dr 0.29 

44-46 

12 

1.12 dr 0.14 

47—52 

15 

2.51 dr 0.91 

53—61 

13 

1.67 0.43 

62—73 

11 

2.00 dr 0-42 

74-97 

11 

5.99 dr 3.50 

98-136 

6 

0.98 


TABLE 24. 

Serumbilirubin figures at 6 days intervals according to Hijman van den 
Bergh’s indii-ect tests 1/200 000 in 149 cases of uncomplicated hepatitis 
treated at the Umea hospital. n = number of observations. 

M dr «(i!0 — mean dr standard error of the mean. 


Days after 
onset of 
illness 

Hijman 

v. Bergh’s test 

n 

M dr «(M) 

2-7 

67 

6.91 dr 0.57 

8—13 

112 

5.26 dr 0.54 

14—19 

114 

3.02 dt 0.32 

20—25 

106 

1.74 dr 0.17 

26—31 

90 

1.96 dr 0.41 

32—37 

59 

2.46 dr 0.69 

38—43 

39 

1.56 dr 0.21 

44—52 

27 

] .89 dr 0.52 

53-61 

13 

1.67 dr 0.43 

62—97 

22 

3.99 dr 1.78 

' 98—136 

6 

0.98 
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TABLE 25. 

Distribution of Hijman van den Bergh’s indirect test readings in 148 
cases of uncomplicated hepatitis treated in the hospital at Lmea. X = the 
total number of observations in each period of 6 days. n. = the number 
of observations in the respective groups. 


Days after 
onset of 
illness 

X 




Groups of 

readings 




0 

-1 

1 

—3 

3 

S3 

6 

-9 

9 


.Median 

n 

of X 

n 

% 

of X 

n 

o' 

of X 

n 

of X 

n 

of X 

2—7 

1 

1 

1.5 

7 

10.4 

19 

28.4 

25 

37.3 

15 

22.4 

6.8 

S— 13 

m 

2 

1.8 

34 

30.4 

30 

26.8 

26 

23.2 

20 

17.9 

5.1 

14-19 

BO 

17 

14.9 

59 

51.8 

23 

20.2 

10 

8.8 

5 

4.4 

2.4 

20—25 

pi 

33 

31.1 

60 

56.6 

9 

8.5 

3 

2.8 

1 

0.9 

1.7 

26-31 

wM 

37 

41.1 

45 

50.0 

4 

4.4 

2 

2.2 

2 

2.2 

1.4 

32-37 

59 

21 

35.6 

27 

45.8 

6 

10.2 

3 

5.1 

2 

3.4 

1.6 

38—43 

39 

9 

23.1 

26 

66.7 

3 

7.7 

1 

2.6 

— 

— 

1.8 

44—52 

27 

10 

37.0 

15 

55.6 



1 

3.7 

1 

3.7 

1.5 

53-61 

13 

3 

23.1 

8 

61.5 


III 

B 

— 

— 


2.0 

62—97 

22 

2 

9.1 

14 

63.6 


H 

B 


2 

9.1 

2.4 


TABLE 26. 

Distribution of Hijman van den Bergh’s direct test findings at 6 days 
intervals in 149 cases of uncomplicated hepatitis treated in the TJmea 
hospital. X = total number of observations during each period of 6 daj's. 
n. — number of findings in respective groups. 


Days after 
onset of 
illness 

* 


Heijman 

van den Bergh; direct 


negative 

faint trace 

trace 

positive 

n 

o/ 

°° 

of X 

n 

o/ 

/° 

of is 

n 

% 

of X 

n 

% 

of X 

2—7 

67 

5 

7.5 



1 

1.5 

61 

91.0 

8—13 

109 

6 

5.5 

4 

3.7 

12 

11.0 

87 

79.8 

14—19 

116 

17 

14.7 

11 

9.5 

25 

21.6 

63 

54.3 

20-25 

108 

21 

19.4 

13 

12.0 

36 

33.3 

38 

35.2 

26-31 

88 

26 

29.5 

17 

19.3 

25 

28.4 

20 

22.7 

32-37 

58 

22 

37.9 

8 

13.8 

12 

20.7 

16 

27.6 

38-43 

37 

19 

51.4 

1 

2.7 

12 

32.4 

5 

13.5 

44 — 52 

25 

11 

44.0 

6 

24.0 

4 

16.0 

4 

16.0 

53-61 

12 

8 

66.7 


— 

2 

16.7 

2 

16.7 

62-97 

19 

7 

36.8 

1 

— 

8 

42.1 

4 

21.1 
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TABLE 27. 

Average returns from Galactose tolerance tests in 131 cases of uncomplicated 
hepatitis from the hospital in Umea at intervals of 12 days. n = number 
of observations. M ± r(ilf) — mean i standard error of the mean. 


Days after 
onset of 
illness 

Galactose excretion in 
grams during 24 hours 
after the administration 
of 40 grams 

n 

M ± e(M) 

— 1G 

4 

0 

17—29 

70 

1.13 ± 0.24 

30—42 

57 

0.72 ± 0.17 

43-55 

21 

2.34 ± 0.32 

56— 

13 

1.00 ± 0.41 


TABLE 28. 

Distribution of positive Galactose tolerance tests in patients treated in 
the Umea hospital for uncomplicated hepatitis at intervals of 12 days. 
n = number of observations. M ± e(M) = mean ± standard 
error of the mean. 


Days after 
onset of 
illness 

Galactose excretion in 
grams during 24 hours 
after the administration 
of 40 grams 

n 

M±s(M) 

17—29 

23 

3.44 ^ 0,47 

30-42 

15 

2.74 ± 0.25 

43-55 

16 

3.07 ± 0.18 

5G — 

5 

2.G0 


The results of the tests have been tabulated in table 27. The 
average -value is found to vary round one gram. The observed 
variations are due to chance and the small number of tests. The 
high average indicates that many patients have been included who 
excrete large amounts. Because of this the number of individuals 
showing a lowered tolerance have been tabulated. See table 28. 
In this table the negative (0 gram) tests were excluded. We now 
find averages of three grams which show definitely that numerous 
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TABLE 29. 

Distribution of Galactose tolerance readings in excess of three and five 
trains respectively in uncomplicated hepatitis cases from the UmeS 
hospital at intervals of 12 days. P ±E (P) = per cent of total number of 
observations (= N) dr standard error of the percentage. 


Days after 
onset of 
illness 

Galactose 

excretion in grams during 24 hours after the 
administration of 40 grams 

N 

Number of observations 
exceeding 3 grams 

Number of observations 
exceeding 5 grams 

Absolute 

numbers 

P±e(P) 

Absolute 

numbers 

P ± e(F) 

—16 

4 


— 

~ 

. _ 

17-29 

70 

10 

14.3 ± 4.2 

5 

7.2 dr 3.1 

30-42 

57 

5 

8.8 ± 3.7 


— 

43—55 

21 

4 

19.1 i 8.6 

1 

4.8 dr 4.6 

56- 

13 

1 

7.7 7.4 


— 


patients have a lowered galactose tolerance. In order to demon- 
strate this even more clearly, the number of individuals with 
values in excess of three and five grains respectively have been 
registered in table 29 from which it will be seen that quite a 
number of cases exceed these limits. During the period 17 to 55 
days after falling ill we thus find 12.8 % of the cases having 
definitely patholgical values. The pathologically lowered toler- 
ance seems to be more frequent during the 3rd to 4th weeks than 
later. 

Bile pigments in urine. 

Urine has been tested for urobilinogen during the period of 
jaundice and some days before. The test is positive to a com- 
paratively large extent already before jaundice becomes manifest. 
Subsequently the number of positive test drops and two weeks 
after the appearance of jaundice the numbers of positive tests 
are comparatively few. See fig. 16. 

The diagram has been constructed in the following way. 

The positive values have been plotted in the first instance 
(viz. 53.1 % during the last 6 days before onset). From the point 
thus obtained the percentage of ’traces ’s’ is marked (being 28.1 % 
during the same period). 
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Fig. 16. Distribution in percentage of positive and negative urobilinogen 
tests as well as of tests interpreted as being »trace» or »faint trace* on 
different days before and after the beginning of the disease. (On every 
day the sum of the tests must be one hundred.) 


’Faint traces’ come next (4.7 %) and finally the percentage 
of negative tests (14.1 %). The sum thus makes 100 % and 
represents the distance between the abscissa, and the upper limit 
of the diagram. 


TABLE 30. 


Results of urobilinogen tests in 166 hepatitis cases at the Hallnas sana- 
torium. N — total number of tests, n = number of observations. 
P±e(P) = per cent ± standard error of the percentage. 


Days 

N 

Negative 

Faint trace 

Trace 

Positive 

n 

P±s(P) 

n 

P±*(P) 

n 

P±*(P) 

n 

Prt e(P) 




Groups I II. 





— 6 1 

64 

9 

14.1 dr 1-4 

3 

4.7 dr 2.6 

IS 

28.1 5.6 

34 

53.1 dr 6.2 

0—5 

186 

29 

15.6 dr 2.7 

2 

1 .1 dr 0.76 

56 

30.1 dr 3.4 

99 

53.2 ± 3.7 

6—11 

143 

36 

25.2 dr 3.6 

15 

10.5 dr 2.6 

36 

25.2 dr 3.6 

56 

39.1 ± 4.1 

12—17 

119 

OD 

46.2 ± 4.C 

S 

6.7 dr 2.3 

34 

28.6 dr 4.1 

22 

18.5 ± 3.6 

IS— 23 

69 

25 

36.2 dr 5-8 

14 

20.3 dr 4.8 

20 

29.0 dr 5-5 

10 

14.5 dr 4.2 

24—29 

35 

is 

51.5 dr 8-4 

6 

17.1 dr 6.4 

7 

20.0 dr 6.8 

4 

11.4 dr 5.4 

30-35 

22 

13 

59.1 dr 10.5 

5 

22.7 dr 8.9 

2 

9.1 dr 6.1 

2 

9.1 dr 6.1 

36—41 

9 

4 

44.5 

3 

33.3 

1 

11.1 

1 

11.1 

42—47 

9 

— 

— 

1 

50.o 

1 

50.0 

~ 



... t; 

/ 
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Corresponding displacements are observed regarding the fre- 
quency of patients with negative tests and individuals showing 
traces or faint traces. 

The iodine test also shows similar displacements. Positive re- 
actions, however, only become numerous a few days after the 
beginning of jaundice, thus indicating the urobilinogen test to be 
more sensitive in the preieterie stage. In contrast the percentage 
of positive iodine tests is higher than that of the Sehlesinger tests, 
or as much as 84 % . After 3 — 4 weeks the proportion of positive 
tests is low. See table 31. 


TABLE 31. 

Results o£ iodine tests in 166 hepatitis cases at the sanatorium in Kalinas. 
N = total number of tests. n = number of observations. P±£(P) = per 


cent ± standard error of the percentage. 


Days 

N 

Negative 

Faint trace 

Trace 

Positive 

n 

P±£(P) 

11 

P±P,P) 



n 

P±<P) 

-18 13 

3 

3 

100.0 

fl 


H 


s 


-12 7 

12 

12 

100.0 

B 

— 

H 

— 

B 

— 

- 6 1 

91 

39 

42.8 ± 5.2 

i 

i.i ± 1.1 

17 

18.7 ± 4.1 

34 

37.4 ± 5.1 

0—5 

182 

12 

b.6 1 .8 

— 

— 

16 

8.8 ± 3.0 

154 

84.6 ± 2.7 

6-11 

147 

50 

34.0 ± 3.9 

— 

— 

40 

2 < .2 ± 3.7 

57 

38.8 ± 4.0 

12-17 

119 

78 

65.5 ± 4.4 

— . 

— 

19 

16.0 ± 3.4 

22 

18.5 ± 3.6 

18—23 

68 

48 

i 0.5 0.5 

i 

1.5 ±1.5 

14 

20.G ± 4.9 

5 

7.4 ± 3.2 

24—29 

36 

30 

83.3 ± 6.2 

— 

— 

4 

11.1 ± 5.2 

2 

5.6 ± 3.8 

30-35 

22 

17 

77.3 ± S.9 

— 

— 

4 

18.2 ± 8.2 

1 

4.5 ± 6.6 

36-41 

9 

9 

100.0 

— - 


9 

— 

— 

— 

42—47 

2 

2 

100.0 

— 


3 

— 



— 


The percentages of individuals with respectively ’negative’ 
’trace’ and ’faint trace’ reactions run parallel. Urobilin tests 
show a graph similar to that of urobilinogen in as much as the 
reactions become positive a few clays before jaundice is manifest 
and fades away in 2 — 3 weeks. The positive reactions, however, 
never attain the same high frequencies. In contrast the number 
of tests classified as ’trace’ and ’faint trace’ is very high. Un- 
certainty is greater when estimating urobilin than urobilinogen, 
urobilin more frequently being considered to be present as ’trace’ 
only. See table 32. 

A comparison of the readings by the various tests for bile 
pigments in the urine has also been carried out between the 
earlier and later halves of the patients. As, however, significant 
differences were not noted, the figures have not been included. 
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TABLE 32. 

Findings by urobilin tests in 166 hepatitis cases at the Hiillnas sanatorium. 
N = total number of tests. n = number of observations. P±r(-P) = per 
cent dr standard error of the percentage. 


Days 

N 

Negative 

Faint trace 

Trace 

Positive 

n 

P±s(P) 

n 

P dr £ (P) 

n 

P±e(P) 

n 

P dr c(P) 

- 12 7 

6 



3 

50.0 

3 

50.0 



-6 1 

65 

2 

3.1 dr 2.1 

3 

4.6 dr 2.6 

38 

58.5 Jr 6.1 

22 

33.8 dr 5.9 

0-5 

186 

4 

2.2 ± 1.1 

13 

7.0 dr 1.9 

91 

48.9 dr 3.7 

78 

41.9 dr 3.6 

6—11 

146 

10 

6.8 dr 2.1 

21 

14.4 dr 2.9 

67 

45.9 dr 4.1 

48 

32.9 dr 3.9 

12—17 

121 

14 

11.6 dr 2.9 

44 

36.4 dr 4.4 

32 

26.4 dr 4.0 

31 

25.6 dr 4.0 

18-23 

45 

5 

11.1 dr 4.7 

17 

37.8 dr 7.2 

17 

37.8 dr 7.2 

6 

13.3 dr 5.1 

24-29 

37 

4 

10.8 dr 5.1 

19 

51.4 dr 8.2 

7 

18.9 dr 6.4 

7 

18.9 dr 6.4 

30—35 

22 

3 

13.C dr 7.3 

11 

50.0 dr 10-7 

6 

27.3 dr 9-5 

2 

9.1 dr 6.1 

36-41 

10 

3 

30. 0 

5 

50.0 

1 

10.0 

1 

10.0 

42—47 

2 



1 

50.0 

— 


1 

50.0 


TABLE 33. 

Hammarslen tests in hepatitis cases at the Hitllniis sanatorium. N = total 
number of tests, n = number of observations. Group I = the first S3 
cases in chronological order. Group II — the later 83 cases in 
chronological order. 


Days 

N 

Negative 

Faint trace 

Trace 

Positive 

n 

?o 

n 

/O 

n 

% 

n 






Group I. 





— 6 1 

5 

4 

80.0 

— 

— 

— 

— 

i 

20.0 

0-5 

10 

— 

— 

— 

— 

i 

10.0 

9 

90.0 

6—11 

1 

— 

— 

— 

— 

i 

IOO.O 

— 



12—17 

— 

— 

— 

— 

— 

— 

— 

— 






Group II. 





— G 1 

2 

2 

ioo.o 

— 

— 

— 

— 



_ 

0-5 

2 


— 

— 

— 

i 

50.0 

1 

50.0 

6—11 

— 


— 

— 

— 

— 

— 

— 



12—17 

1 

1 

lOO.o 

— 

— 

— 

— 

— 

— 




Groups I -f- II. 





-6 1 

7 

6 

85.7 

— 

— 

— 

— 

1 

14.3 

0-5 

12 

— 

— 

— 

— 

2 

16.7 

10 

83.3 

6-11 

1 

— 

— 

— 

— 

1 

100.0 

— 



12—17 

1 

1 

ioo.o 

— 

— 

— 

— 

— 

— 
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Duration of icteric stage. 

Regarding Die time during which a disturbance of the distri- 
bution of bile pigments in the body can be shown, i. e. the icteric 
stage, urobilinogen tests indicate this period to last slightly more 
than a fortnight, whereas it extends to 3 weeks if determined by 
the results of resp. the urobilin and iodine tests. The Meulen- 
gracht tests too suggests an icteric stage of 3 weeks. Jaundice 
thus can be said to be a phenomenon which occurs suddenly 
and afterwards fades away gradually. Hence it is difficult 
to establish a fixed date when jaundice can be considered to 
have subsided. To judge by the chemical reactions the average 
duration of the icteric stage should hardly exceed 3 weeks. One 
is inclined to believe that the time is shorter still if determined 
by clinical observation, provided that the observer is not ab- 
normally colour sensitive. 

"When, however, there is the question of gradually fading colour 
shades the definition of a limit becomes far more difficult by 
inspection of the patient than by the reading of chemical tests 
where a certain objectivity is arrived at. 

Blood Status. 

The hospital patients in Umea have had their blood examined, 
the tests being carried out only after the outbreak of illness. 
Accordingly we have no information regarding the proportions 
of the different blood elements before that date. As probable 
average normal values from which to depart when discussing 
the significance of the tabulated findings we have adopted 4,423 
million erythrocytes and 85.53 per cent hemoglobin. 

These figures have been adapted from those given in Odin’s 
investigation by allowing for the way in which the observations 
have been found to be distributed between the sexes in the actual 
material. 

The number of erythrocytes during the 2nd — 4th days of illness 
reaches 4.8 millions. Three by four weeks later the figure found 
is 4.5 millions. The difference between 2nd — 4th and the 17th — 
31st days being 0.47 ± 0.15, the displacement is statistically 
proven. This indicates -a slight decrease in the number of 
erythrocytes. 

Two interpretations of the figures appear possible: the altera- 
tions on the one hand might have taken place in the plasma and 
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TABLE 34. 

Average number o£ erythrocytes ai\d average hmmoglobin-figures in 146 
cases of uncomplicated hepatitis at the Umeii hospital at three days 
intervals, n = number of observations. M dr s{M) — mean dr standard 

error of the mean. 


Days after 
onset of 
illness 

Million erythrocytes 

Hemoglobin per centage 
according to Autenricht 

Colour 

index 

n 

M±e(M) 

n 

M ± e(M) 

2-4 

22 

4.81 ± 0.12 

22 

91.5 ±2.5 

SB 

5-7 

43 

4.762 ± 0.075 

43 

88.6 i 1.5 

M&m 

8-10 

45 

4.724 + O.0S0 

46 

89.7 ± 1.5 


11—13 

15 

4.47 ±0.12 

15 

83.5 ± 2.4 


14-16 

20 

4.53 ±0.10 

20 

86.3 ± 2.3 


17-31 

23 

4.341 ± 0.095 

24 

80.3 ± 1.5 


32—62 

18 

4.40 ±0.11 

18 

78.9 ± 2.3 


63—113 

6 

4.20 


78.8 



represent a phenomenon of desiccation, on the other hand the 
observed changes might refer to a decrease in numbers of the 
red blood cells. Theoretically of course both mechanisms might 
be at work simultaneously. On the face of it, desiccation appears 
to be more likely than anemia because considerable loss of fluid 
through persistant vomiting and consequent difficulties in re- 
taining drink, forms part of the typical course of the disease. 
This interpretation is supported by the fact that the number of 
the erythrocytes does not rise during the 30th — 60th days. If 
the cause had been anemia one might possibly have expected a 
reparative reaction to appear during this period. 

The figures representing haemoglobin, values show corres- 
ponding fluctuations; that is slightly raised readings during the 
first days of illness and significant decrease to constant values 
during the subsequent weeks. The figures relating to colour index 
included in the table have no other interest than to show this 
to remain constant. There was no reason to expect anything else. 

The number of white blood cells show a. slight increase about 
a fortnight after the onset. See table 35. The difference, being 
1.36 ± 0.46 is statistically proven, but is of so insignificant a 
magnitude as to be of slight interest only. No values being 
available from the time prior to onset it is impossible to form 
a definite opinion. If the displacement is due to a relative leuco- 
penia in the beginning or a leucocytosis at the end of the disease 
can not be decided. 
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TABLE 35. 

Average white blood cell counts in 145 uncomplicated cases of hepatitis 
treated at the Umea hospital at intervals of three days. n = number of 
observations. M ± c(j1/) = mean ± standard error of the mean. 


Days 
after 
onset of 
ilines 

n 

Polynuclear 
white cells in 
thousands 

Mononuclear white cells 
in thousands 

Total number 
of while cells in 
thousands — N 

M±e(M) 


y<f of N 

M ± c{M) 

2-4 

21 

3.40 ± 0.2S 

1.533 ± 0.075 

31.0 

4.94 ± 0.29 

5—7 

42 

3.8S ± 0.19 

1.91 ±0.12 

33.0 

5.79 ± 0.22 

8-10 

45 

3,83 ^3 0.17 

1 .780 ± 0.08G 

31.7 

5.G1 ± 0.19 

11—18 

15 

3.C1 ± 0.25 

1.85 ±0.13 

33.9 

5.4G ± 0.28 

14-16 

22 

4.45 ± 0.32 

1.85 ±0.17 

29.4 

6.30 i- 0.3G 

17-31 

11 

3.81 ± 0.20 

1 .GG ± 0.19 

30.3 

5.47 ± 0.28 

32-113 

13 

3.S8 ± 0.78 

1.88 + 0.13 

32.G 

5.76 ± 0.79 

2-113 

169 

3.85 

1.80 

31.7 

5.67 


TABLE 36. 

Average figures from differential counts of white blood cells in 39 cases 
of uncomplicated hepatitis treated at the Umea hospital. N = neutro- 
phile leucocytes. E = eosinophile leucocytes. B — basopliile leucocytes. 
L = lymphocytes. StM = large mononuclear cells. n = number of 
observations. M ± <r(il/) = mean ± standard error of the mean. 


Bays after 
onset of 
illness 

Differential count 

n 


N 

E 

B 

L 

StM 

mm 

23 

59.0 ± 2.G 

1.50 ±0.35 

0.130±O.OG5 

33.6 ± 2.3 

5.85 ± 0.52 

BBS 

12 

62.4 ± 2.G 

0.92 ± 0.25 

0 

31.2 ± 2.2 

5.54 ± 0.75 

mm 

8 

58.G 

2.4 

0.1 

33.8 

4.8 


The figures regarding' the subdivision of the white blood cells 
in 2 ooly- and mononuclear cells have also been tabulated. Here 
we do not find any displacement in their quantitative relation- 
ship, both categories accordingly increasing slightly in numbers 
during the first fortnight of the illness. 

Differential counts have been made in a small number of cases. 
Figures are given for the sake of completeness only, they show, 
however, no departures from the normal. 
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Urine. 

Records of urine examinations are available from 92 patients 
of the Hallnas material; Transient traces of albumen have been 
found in 6 instances, accompanied -with the appearance of a fen- 
red and white eells in the sediments. In no ease could any serious 
or lasting influence on the kidneys be demonstrated. A positive 
Diazo test was noted for the first time during the disease in one 
instance only. Glycosuria has not been observed. The two dia- 
betics treated at tire sanatorium did not catch hepatitis. In the 
hospital material we find only one diabetic. 

Neurological. 

Cerebral symptoms have not been registered in any ease in the 
Hallnas material. Bradycardia, considered as a sign of biliar 
irritation of the oblongata is said to be a conspicuous feature 
in certain forms of jaundice. 

It has therefore been considered desireable to investigate 
whether any slowing down of the pulse rate could be found in 
epidemic hepatitis. The tubercular patients with their frequently 
accelerated pulse rates were a priori regarded as unsuitable sub- 
jects for this study. Tt. was found in addition that no pulse 
graphs had been recorded. One had to turn to the hospital 
patients in order to form an opinion. Pulse rates and tempera- 
tures are at the Umea hospital entered on the same charts, 36° C. 
corresponding to 60 pulse beats per minute, 37° to 70, 38° to 80 
and so on. If the divergencies between the two curves did not 
exceed 5 units (i. e. 0.5° temperature or 5 beats pr. min.) the 
pulse graph was considered not to be displaced (P = T). Slowing 
down in excess of the said amount has been interpreted as brady- 
cardia (P <C T), tachycardia being presented by the inverse dis- 
placement. This might be considered a rather rough and ready 
method but it is accurate enough to convey a general idea. 

Out of 146 examined charts 135 showed perfect agreement 
between temperature and pulse, whereas tachycardia had been 
registered in 6 and bradycardia in 5 instances. A slowing of 
the heart beat accordingly can not be said to be characteristic 
of the disease. 


Relapses have not been observed. 
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Treatment. 

As lias been already set forth the patients have been confined 
to bed during varying lengths of time. 

During the fii'St week or fortnight and otherwise as long as 
the Meulengracht values exceeded 20 a lacto-cereal diet was 
served, whereafter fish and small amounts of butter were added. 
When the Meulengracht. tests had dropped below 10, the patients 
returned to the standard fare of the sanatorium. 

Beyond symptomatic treatment of various subjective discom- 
forts no specific therapy was attempted. 

Prognosis. 

11 of the tubercular patients who contracted hepatitis died du- 
ring the year of 1941. According to the opinion of the physicians 
the deceased had been in a bad state already at the onset of 
hepatitis and the deterioration had not been accelerated in con- 
sequence of the complication. Obviously, however, an ailment 
affecting the alimentary tract and entailing grave lesions of 
the liver must of necessity he expected to render nutrition more 
difficult and might lower the patients resistance. Anyhow, a 
comparison of the mortality rate in 1941 with that recorded in 
previous years during which the number of patients have been 
about the same and the principles for admittance and discharge 
have been unaltered might be expected to illustrate tlie question : 

Year Humber o£ patients Humber of deaths 


1937 

333 

79 

1938 

333 

95 

1939 

340 

63 

1940 

340 

69 

1941 

360 

66 


The mortality figures thus do not seem to indicate a decisively 
unfavourable influence on the course of the tubercular disease. 

Among my 1.47 hospital patients two have died from their 
hepatitis (representing a mortality rate of 1.4 per cent). As 
presumably in the first place only the more severe eases have 
been admitted to hospital treatment a certain amount of selection 
has taken place. The mortality figure in my hospital material 
accordingly ought to be appreciably higher than in patients 
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treated in their homes. What the total hepatitis mortality has 
been during the time under review is not known. 

It has been shown in the discussion on the duration of jaundice 
that a disturbance in the distribution of bile pigments can be 
demonstrated by various tests for weeks and months after the 
disappearance of subjective discomfort or jaundice discernible to 
the eye. Even if a restitutio ad integrum ought to be the rule 
a certain number of cases possibly sustain permanent damage to 
their liver tissue which eventually is replaced by fibrous pro- 
liferation of varying intensity culminating in the final cirrhotic 
stages. To what extent a past attaek of hepatitis can be discovered 
in the records of cirrhosis cases is outside the scope of the present 
work and has moreover been exhaustively investigated by Berg- 
strand. A careful following up of the present numerous hepatitis 
cases at regular intervals ought, however, to enlarge our know- 
ledge and enable us in the future to forecast with greater con- 
fidence the ultimate chances of recovery. The analysis of the 
Meulengraeht tests in Hiillnas has proven that high initial readings 
predict drawn out disturbances and one must accordingly admit 
that this symptom has a certain prognostic value. An extended 
use of quantitative estimates of citric acid and phosphates in 
serum would certainly enable us to discover the permanent and 
progressive nature of a pathological process at an early stage. 

Preventive measures. 

Experiences from the epidemics of hepatitis in the county of 
Vasterbotten indicate the line of action which should be taken in 
order to be on the safe side in combating outbreaks of the disease. 

Any local accumulation of simultaneous cases whether in a 
family, school or institution should direct the attention of the 
medical officer to the water supply. In this country the drinking 
facilities in rural schools are often particularly unsatisfactory. 
The primitive arrangement — a pail of water in one corner of 
the class room and a scoop used both as ladle and drinking cup 
by all the children — is still very common. Many of the so called 
»Sauitary» patented drinking fountains boasted by some schools 
are almost equally unhygienic in as much as the mouthpieces 
are not effectively protected against contact with the lips. The 
source of water often leaves much to be desired. Good wells, 
yielding unimpeachable subsoil water are still rare exceptions. 
A sanitary inspection of wells complemented by bacteriological 
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examinations of the water should form part of the routine. Advice 
how to repair defects should be tendered to the landlord and the 
public health committee should be instructed to supervise the 
carrying out of enjoined measures. 

There is no call for the closing of schools or prohibition against 
assemblies, neither need any particular precautions be taken for 
the isolation of cases in hospitals or barracs. Ordinary cleanliness 
and §ome caution in the handling of soiled objects ought to .suffice. 
It. should also be insisted on that the patient should he given 
a bed of his own. 

The role played by rodent vectors of the contagion not being 
established, an epidemic of hepatitis unfortunately does not. at 
the present stage of our knowledge, provide a scientifically valid 
pretext for a maybe otherwise desirable deratisatiou campaign. 

Human blood has of late found an ever increasing us- for 
the production of convalescent serums and for blood ttansfu- 
sions. That such a utilization is fraught with certain dangers 
show the epidemics of hepatitis caused by inoculations of serums 
contaminated by hepatitis virus mentioned in the review of the 
literature. Great care should accordingly be exercised when 
collecting blood for therapeutic purposes. Areas where hepatitis 
is rampant had better he avoided and the blood collectors should 
be constrained to elicit information whether would he donors have 
suffered from jaundice recently. As we have no means of knowing 
during how long a time the virus might remain in the blood the 
safest way would be to reject all who have had the disease. Sub- 
sequently the state of health of the donor should he watched with 
an eye to hepatitis and serum or blood should not be issued to 
the profession until the time of incubation has passed without 
any signs of the disease appearing in the donor. 


Summary. 


It has been pointed out in a survey of the literal ure that, most 
of the author’s consider epidemic hepatitis to be transmitted by 
contact. Certain epidemics, however, suggest the possibility of a 
spread by ingestion in the same way as enteric fevers. The mode 
of propagation, thus, cannot be considered as definitely settled. 
Possibly we may have to deal with different diseases, which, though 
clinically similar are transmitted in different ways. As regards 
the epidemiology in my material it has been possible to show Ihe 
following : 

1) During an outbreak in a sanatorium (Iliillniis) in Ihe county 
of Vasterbotten 178 cases occurred. The water conduit of the 
sanatorium had become polluted from a defective drain. 34 days 
after the infected well had been excluded, the epidemic came to 
an end, a few odd cases only occurring during the following 
18 days. This corresponds to the time of incubation and indicates 
infection by water. Some other outbreaks in Vasterbotten also 
seem to suggest transmission by water. The principles of preven- 
tive measures are discussed and the importance of improved water 
hygiene underlined in this connection. 

2) Among 188 persons who had joined the sanatorium popula- 
tion either as patients or personnel after the exclusion of the well, 
no case of the disease occurred although the new arrivals came into 
contact with a large number of unisolated cases. This indicates 
definitely that the disease with which we have to deal here is not 
transmitted by contact. 

3) The time of incubation computed by statistical analysis of 
the sanatorium material has been found to range between 34 and 
52 days. In 10 actual cases an incubation time from 28 to 43 days 
was found, the figures being in fairly good aggrement with those 
statistically deduced. 

4) The susceptibility among those exposed to water borne in- 
fection works out at 32 %, no difference being found between 
men and women. Children have not shown themselves particularly 
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liable to contract the disease, but their number in the present 
material is not large and accordingly does not permit of any 
definite conclusions. 

Regarding the cl mien! aspects of the disease the following results 
might be noted : 

5) The preicteric stage has been found to last on an average 
(i days, varying in length between only one or two days and up- 
wards of a fortnight.; the longest time observed in my material 
being 1G days. 

6) In order to form a correct estimate of the significance of 
the readings obtained by the Meulengracht test, an investigation 
into its variations in normal persons has been carried out. The 
average worked out at 7.J3 ± 0.1-1 and the standard deviation at 
2.12. The range of variation extends from 1.2 to 13.9. 

Jaundice, as indicated by the Serumbilirubin tests devised by 
Meulengracht and Ilijman van den Bergh has been found to last 
on an average between 4 and G weeks, during which time bile 
pigments have been shown by the Iodine and Schlessinger tests to 
be present, in the urine also. In as far as the Galactose tolerance 
test gives an idea about the functional state of the liver, an ana- 
lysis of the results of this test, in a number of hospital (Union) 
patients seems to indicate an impaired liver function as long as 
a") days after the onset of the illness in 13 % of the cases. 

7) The general repercussions of the disease as indicated by 
such circumstances as the length of time during which it has 
heon found necessary to keep the patients in bed ; the loss of weight; 
the rise in temperature and the lowered suspension stability of the 
erythrocytes, have been analysed. The bed treatment has on an 
average lasted -1 weeks and by that time the loss of weight has 
been made good. The temperature has been found to rise coinci- 
ding with the taking ill of the patient and attains its maximum 
during the first few days of tin* illness, then to drop slowly to 
normal in three weeks. The beginning of jaundice is not accom- 
panied by a rise of temperature. The suspension stability of the 
erythrocytes is also affected by the disease, the reaction, however, 
apparently taking different courses in uncomplicated eases and 
in such patients as are in advance suffering from tuberculosis. 
In the latter category we meet with a maximum decrease after 
about 4 weeks and a return to the values departed from about a 
month later, whereas the uncomplicated cases show a continuously 
decreased stability culminating after two months. 
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8) The general impression of the physicians in charge of the 
sanatorium has been that those who canglit the disease in the 
beginning of the epidemic suffered more severely than those who 
took ill later. This has been borne out by statistical analysis of 
such phenomena as the length of the preieteric stage, the rise in 
temperature, the disturbance of bile pigments and the decreased 
suspension stability, in the earlier half and the later half of the 
patients. 

9) With regard to the subjective symptoms those from the diges- 
tive tract have predominated, nausea and vomiting being registe- 
red in 72 % of the eases. An obstinate constipation especially 
after the beginning of jaundice has been complained of in 35 %. 

10) An investigation into the composition of the blood has only 
revealed slight disturbances (increased number of erythrocytes) 
which may be taken as a sign of temporary desiccation. The white 
blood cell counts showed significant though very moderate fluc- 
tuations, but no real leucopenia or leucoeytosis have been observed. 
The disease has been found not to affect the kidneys to any 
appreciable or serious extent. As a rule the relation between pulse 
beat frequency and body temperature has not been disturbed; 
bradycardia and tachycardia being equally infrequent. 
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The resistance in pieces of 15 per cent gelatin only was tested, anil 
the values compared with corresponding values for 15 per cent gelatin + 
barium sulphate. It is found that the former has a somewhat lower 
resistance. The difference in the resistance for gelatin with barium 

sulphate is 0.112 ± 0.02-1 kg. 

The resistance of the material when kept has also been tested. After 
4 days, 15 per cent gelatin with barium sulphate shows an increased 
resistance, and the difference, compared with samples of fresh pieces, 
is O .200 ±0.021 kg. 

The difference in resistance in hardening for 12, 24 and 48 hours 
shows only small differences, which are not statistically significant. On 
the other hand, the values for the differences show an increase of 
resistance in comparison with mildly hardened, standard-hardened and 
strongly hardened pieces. 

Investigation of the test portions show that, as regards the 
compressibility and resistance of the material, small but statistic- 
ally significant differences can be shown, above all as regards 
gelatin content and strength of formalin at hardening. On the 
other hand, the time for hardening (12 — 48 hours) and the 
keeping up to 4 days have played a smaller part. The test 
material would seem to possess suitable properties, since it 
remains fairly constant when kept, and since, above all, the 
values for the variation of test portions prepared in a stan- 
dardized way, are small. 

A further advantage is that, with the methods of testing the 
compressibility and resistance used here, it is possible to control 
the nature of the material. The mass-produced gelatin used can, 
of course, be suspected of variation, and the methods and values 
given provide a check in this direction. On account of Hie dif- 
ficulties in procuring material, however, it has not been possible 
at. this time to test gelatin from different factories. 

With regard to the values obtained, it may finally he said that 
test portions with varying gelatin content showed moderate dif- 
ferences, but that 15 per cent gelatin rather seems to have the 
most constant character, i. e. to show the least variability in the 
portions as regards compressibility and resistance. 

For the tests a material of 15 per cent gelatin and 5 per cent 
hariuxn sulphate, hardened 24 hours in a solution of 50 g. of 
36—38 per cent formalin and 350 g. of water, was used. The 
test portions were washed in water for 12 hours. The weight 
v as 11. 4 g. anc [ the volume lO.r, c. cm. for grown-up persons. For 
children the weight was 7.9 g. and the volume 7.i c. cm. 
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TABLE 28. 

Number of contacts of teeth in older women, divided into groups with sets 
of teeth in varying condition. Regarding class limits, see Table 17. 
Theoretical class midpoint = T. n = number of persons. M± : e( i B£) = 
mean dr standard error, a — standard deviation. 


Set of teeth 

n 

T 

M d; s(M) 

o 


Grinding 

teeth 



Group 

I: extremely good 

10 

21 

18.90 dr 0.46 

1.45 

J> 

II: good 

17 

13 

12.18 dr 0.27 

1.13 

J> 

III: bad 

12 

9 

8.67 dr'O.li* 

0.65 

7 ) 

IV: extremely bad 

11 

3.5 

4.55 dr 0.53 

1.75 


Cutting teeth 



Group 

I: extremely good 

10 


4.90 dr 0.48 

1.52 

7) 

II: good 

17 

— 

5.71 dr 0.11 

0.47 

» 

III: bad 

12 

— 

5.25 dr 0.46 

1.60 

2> 

IV: extremely bad 

11 

— 

5.18 dr 0.33 

1.08 


in these women was such as to compel their being referred to 
group IV, i. e. extremely bad sets of teeth. It was further found 
that the grinder occlusion contacts were missing or else so few 
that the material did not lend itself to an investigation of the 
mastication effectivity. Only a few individuals could be used. 

The investigation material had therefore to be sought else- 
where. At factories and other places of work, there proved to be 
great difficulties in getting older women with their own teeth 
for an investigation. The material that has been tested with 
regard to masticatory powers is mainly taken from the author’s 
private practice. 

The older women investigated belonged, as a rule, to the more 
well-to-do classes, and consisted of persons who had looked after 
their teeth. The number of teeth was comparatively good, and 
displayed small differences compared with the number in adult 
women, in spite of the difference in the average age between the 
two materials. Incisors were found to practically the whole of 
the calculated number, being absent in 3.1 per cent, grinders 
except for wisdom teeth to about three fourths or 72.5 per cent 
and wisdom teeth to about one fourth or 22.9 per cent. 

The material is divided into four groups within the same limits 
or the point values as were used for adult men. A survey of 
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FigV 9. Average loss in weights at 6 days intervals after falling ill in 
113' sanatorium patients suffering from hepatitis. 


tin ougli successive hosts. On this occasion the development 
apparently has been in the opposite direction. Accordingly it 
only remains to explain the observed displacement by assuming 
that in the beginning of this as in other epidemics those most 
susceptible might possibly contract the disease first and accord- 
ingly develop more pronounced symptoms. See fig. 10 and table 14. 


Suspension stability of the erythrocytes. 

Alterations in the suspension stability of the erythrocytes r< 
ect a general reaction much in the same way as do changes o 
temperature and thus are worthy of attention. The material use, 
is formed by tested tubercular patients and no selection has bee 
made. Thus it is to be expected that the suspension stability i 
more or less lowered already before their falling ill with hepatitis 
Accordingly m this calculation the differences from the last value 
available before the onset of hepatitis have been computed 

would i b T! P ° SSible t0 tdl in advance if and when a persoi 

tested tllS SUSpension lability could have beei 

tested at exactly the same date in all cases. In reality, however 

ate must vary, and on an average the value of departur, 



